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ABSTRACT 
 
The exploration of new types of everyday interactions enabled by the increasing 
integration of digital technologies with the physical world is a major research 
direction for interaction design research (Dourish, 2004), and a focus on materials 
and materiality is also of growing significance, e.g.: Internet of Things; interactive 
architecture; the intersection of craft and technology. Increasingly, designer-
researchers from a range of material-focused creative design disciplines are starting 
to address these themes.  
 
Previous studies indicate that new approaches, methods and concepts are required to 
investigate the evolving field of physical-digital synthesis in the built environment. 
Addressing this, the thesis asks one central question: What resources for design 
research can help practitioners and researchers from multiple creative design 
disciplines improve the design of physical-digital artefacts located in the public 
realm? A detailed Scoping Study explored experimental research methods for this 
thesis and produced an overview of physical-digital artefacts in outdoor public space. 
This scoping influenced the subsequent research: an in-depth field study of the 
design culture and practices of fifty material-focused designer-researchers; four case 
studies of physical-digital artefacts in outdoor public spaces; a formative creative 
design workshop with fourteen participants to test the findings from the research.  
 
The chief contribution of this thesis to interaction design research is the development 
of two resources for design research (the Experiential Framework and the Conceptual 
Materials for Design Research) and the practical application of these new tools as a 
method for design research in a simulated ‘real-world’ creative workshop setting. 
Both resources are intended to co-exist and be integrated with established design 
research methods and emerging approaches. Hence, the outputs from this thesis are 
intended to support designer-researchers from a range of creative design 
backgrounds to conceptualise and design physical-digital artefacts for urban outdoor 
public spaces that provide richer interaction paradigms for future city dwellers. 
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CHAPTER 1 - INTRODUCTION  
 
This study has one central question:  
 
‘What resources for design research can help practitioners and researchers 
from multiple creative design disciplines improve the design of physical-digital 
artefacts located in the public realm?’ 
 
In answering this question, the study aims to: 
• develop and produce resources for design research that contribute to the 
conceptualisation, research and design of physical-digital artefacts for the 
public realm; 
 
• undertake a scoping study to explore and test experimental research methods, 
and to produce an overview of physical-digital artefacts in the built 
environment; 
 
• undertake a series of four location-specific observations in Bristol, UK; 
 
• undertake a two-phase multidisciplinary creative designers field study in 
London, UK; 
 
• undertake one formative multidisciplinary creative design workshop in 
Bristol, UK.  
 
This thesis is concerned with the design of physical-digital artefacts for the public 
realm. Specifically, it is interested in contributing to interaction design research and 
practice through the development of conceptual and methodological tools for 
material-centred designers, from a range of creative design disciplines, who are 
concerned with the design of fixed physical-digital artefacts located in outdoor  
public space.  
 
The aim of this thesis is to produce new resources and knowledge for design research 
that co-exist and can be integrated with established methods and emerging 
approaches. The resources for design research will be practical processes and 
methods that can be applied by creative designers in real-world settings. As such, it 
is anticipated that this research will support the development of richer design 
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research paradigms and contribute to the discussions related to interaction design in 
the built environment.  
 
There are a number of theories and influential authors located in a variety of 
disciplinary fields whose focus is the relationship between people, materials and 
technologies in the built environment, e.g. Bruno Latour, John Law, William 
Mitchell, Malcolm McCullough, Paul Dourish and Richard Coyne. Indeed, the work 
of all of these authors has contributed to the conceptual development of this thesis. 
However, the perspective of this study is from the ground, employing a granular and 
thorough approach to investigating specific aspects of everyday culture. For, in order 
to successfully contribute to the field of interaction design by producing resources 
for application within it, it is essential to understand the lived experience of the 
territory, and not rely on abstraction nor generalisation (McCullough, 2004). In this 
way, this practice-oriented research is concerned with improving the experience of 
citizens inhabiting future cities through the research and design of future 
technological objects intended for public use. It achieves this by:  
• being rooted in the multidisciplinary creative design community;  
 
• using multiple lenses to investigate a set of physical-digital artefacts located 
in central Bristol; 
 
• producing resources for use by creative practitioners and researchers 
addressing the concerns of interaction design. 
 
This thesis makes an original contribution to interaction design research and practice 
by its development of resources for design research that enable creative designers to 
use theoretical concepts as practical and applied working methods and processes, in 
order to improve the design of physical-digital artefacts located in the public realm.  
 
Due to the multifaceted, porous and evolving nature of the interaction design 
domain, in order to address satisfactorily the central question of this thesis, and to 
produce the optimum research outputs, it was necessary to pursue multiple paths of 
inquiry rather than a singular research channel. The generative and reflexive research 
strategy was designed to provide evidence and insights related to contemporary 
design culture, as well as to critique existing physical-digital artefacts in public space 
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from multiple perspectives. Throughout the study a primarily qualitative multiple 
methods research approach was employed for the collection and analysis of open-
ended and emerging data. As this study was aligned to Research through Design, it 
embraced experimental methods that recognised emergence, complexity, serendipity 
and intuition as part of the design process. The integration of theory and practice, 
supported by critical reflection and reflexive action, was intended to generate novel 
conceptions and form constructions of new knowledge to progress the investigation.  
 
The interaction design research and human-computer interaction (HCI) communities 
have expanded their attention from the workplace to the culture, sociality, emotion 
and experience of technologies in everyday life, and a more holistic view of human-
systems interaction (Bannon, 2005; Kaptelinin and Nardi, 2006). 
‘One of the major research directions for human-computer interaction (HCI) 
over the past few years has been exploring the novel forms of interaction 
that can be achieved by integrating computer technology with the physical 
world within which we live and work.’  
Dourish, 2004, p.19 
 
This focus on investigating the deeply subjective qualities of interaction in the world 
is referred to as ‘third wave HCI’, and the concerns include context, experience, 
affect and embodiment (Bodker, 2006; Odom and Lim, 2008).  
 
In addition, there has been much interest in the concept of ‘materiality’ and its 
relevance for interaction design research, e.g. the characteristics of objects, and the 
exploration of everyday object worlds and their shaping of daily life. For instance, a 
cross pollination between traditional crafts backgrounds and those from computer 
science and interaction design (Rosner, 2012; Berzowska and Coelho, 2006). 
Moreover, there is recognition in the interaction design community that designers 
require new conceptual and methodological tools for design research (Deshpande, 
2012; Forlizzi, Zimmerman and Evenson, 2008). Surprisingly, given this focus on 
physical-digital synthesis in the urban environment, and the nature of evolving 
multidisciplinarity in the field, little attention has been given to the development of 
research methods for those members of the creative design community focused on 
materials and materiality.  
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1.1.  Background context 
This research is being undertaken at a time of significant change in our connected 
world. It is a transitional time, where many of the models and systems born from the 
20th century are being challenged. Socio-technological developments are impacting 
markedly upon myriad areas including retail, surveillance, broadcasting, finance, 
defence and education. In his address to the Royal United Services Institute, Sir 
Nicholas Houghton, the chief of the defence staff, asserted that contemporary 
military thinking needs to regard big data, digital devices, miniaturisation and 
robotics alongside tanks, battleships and soldiers, ‘Few people genuinely understand 
the change that is being brought about by such technologies’ (Walport, 2014, p.2). In 
a similar vein, the UK’s higher education (HE) system is in flux and facing radical 
and often contested shifts. In his report ‘An Avalanche is Coming: Higher Education 
and the Revolution Ahead’, Sir Michael Barber, Chief Education Advisor at Pearson 
Education claims the HE sector is facing a crisis, and while the ‘solid classical 
buildings of great universities may look permanent … the storms of change now 
threaten them’ (Barber, Donnelly and Rizvi, 2013, p.3). In relation to the potential 
for future large-scale socio-technological change in our cities, the Internet of Things 
(IoT) and smart cities are connected concepts which are driving research and practice 
in the public and private sectors worldwide (Kopetz, 2011; Hollands, 2008; 
Bowerman et al., 2000). 
 
Cities: connected and smart 
Since 2007, half of the world’s population have been urban dwellers and by 2050 the 
number is predicted to rise to 66% according to United Nations data; the equivalent 
of seven New York Cities are being added to the planet each year (IBM, 2010). As 
21st century cities face challenges related to these growing populations, new 
materials, technologies and the internet are playing a significant part in their socio-
economic and cultural development. Whether framed as a database (Frith, 2012), an 
evolving open-source platform (Greenfield, 2006), or a ‘messy’ and layered network 
of heterogeneous technologies that reveal their ‘seams’ (Dourish and Bell, 2011; 
Chalmers and Galani, 2004), cities are becoming huge repositories of rich and 
dynamic digital information as their infrastructure is rewired. In addition, 
advancements in fixed and mobile telecommunications technologies and micro-
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processing are making 20th century concepts such as ubiquitous computing (Weiser, 
1991), pervasive media and augmented reality, part of the emerging experience of 
today’s city inhabitants (Castells, 2010; Farman, 2012). Once networks, devices and 
data become standardised and open, the Internet of Things concept has the potential 
to transform radically our relationships with, and through, the urban objects  
we encounter.  
 
‘The nature of many objects and the material processes that constitute 
everyday life are being remade in quite radical ways – objects are being 
alternatively reconfigured and redefined, they are gaining additional 
capacities to do additional work in the world, and the world can do more 
work on and through them.’ 
Kitchin and Dodge, 2011, p.60 
 
As Kitchin and Dodge describe above, objects become different things when 
combined with digital technologies, e.g. their functionality expands. Thus, our daily 
experiences of these future restless and transforming sensate objects and cybernetic 
architectures in smart urban spaces have the potential to be perpetually transforming. 
Given this future unsettled cityscape, William Mitchell identifies that ‘In a world of 
ubiquitous computing … familiar design issues are up for radical reformulation’ 
(1996, p.167).  
 
City dwellers: connected and smart 
In a recent report about the ‘second digital revolution’, the UK Government Chief 
Scientific Advisor identified the potential for human experience to change radically 
in a connected world. He comments, ‘In the future we will carry sensors that measure 
our health and how we move around the environment in which we live. These will 
help us to socialise and navigate the world in ways that we can barely imagine’ 
(Walport, 2014, p.6). Whilst this may appear as an underwhelming insight, it is in 
fact a critical one. For, already the integration of personal portable networked 
devices has afforded people new ways to engage with and understand the world; 
together we co-habit virtual and physical spaces to create an always-on hybrid space, 
alter conceptions of space and time, and develop new social practices (Castells, 
2010; Farman, 2012; Rainie and Wellman, 2012). The emerging material-digital 
synthesis and connectivity of this second digital revolution, when combined with our 
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mobile ‘cyborg-selves’ (Gray, 1995) therefore has the potential to provide city 
dwellers with further extraordinary embodied and relational transformational 
encounters with the city. 
 
‘Space and embodiment are intimately and indelibly linked … [I view] 
mobile media as always being embodied, spatial technologies.’  
Jason Farman, 2012, p.4 
 
Moreover, biotechnologies have become part of the discussions and interventions 
exploring the future connected world. For instance members of the Swedish tech-
activist group, BioNyfiken, are implanting radio-frequency identification chips in 
their arms to communicate with their smartphones, and to interact with their 
mundane physical workspace. The US ‘biohacking’ company dangerousthings.com 
sells xNT chips and an insertion kit for $99, which can be easily implanted into a 
person’s body. Hence, whilst considering and designing for situated technological 
objects in public environments, it is vital to be cognisant of other systems at-play 
related to the user, such as connection, mobility and biotechnology.  
 
Communities exploring urban physical-digital synthesis 
Understandably, a wealth of interest lies in advancing urban computing and its 
associated network technologies, increasingly sophisticated dynamic data and 
algorithms, and developing new types of materials. The potentials for physical 
interaction with objects infused with computing technologies in the urban space are 
being investigated and imagined at all scales. Large programmes are being 
undertaken by countries and city governments developing their own ‘smart cities’ or 
funding initiatives e.g. Innovate UK’s ‘Future Cities’ programme and the UK 
Research Councils’ programmes, and global corporate research laboratories e.g. 
IBM, Google and Cisco Systems. Whereas smaller scale projects are being 
developed by a wide range of groups e.g. urban planners and architects, start-up 
technology and hardware firms, undergraduate and postgraduate student projects, and 
DIY hacker-spaces. Similarly, the global economic potentials for these emerging and 
future technologies are being investigated by a range of organisations, including 
Gartner Research, The Economist Intelligence Unit, Morgan Stanley, McKinsey 
Global Institute and Nesta. Thus, multi-perspective, creative and critical exploration 
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of the design of technological objects for future smart or ‘sentient’ cities, and their 
socio-economic, environmental and cultural potentials are underway  
across the globe. 
 
Current and future materials and technologies 
The availability of new and future technologies, coupled with existing and emerging 
materials, will afford certain but as yet unknown experiential changes for city 
inhabitants, for the smart urban spaces will undoubtedly facilitate several hidden as 
well as explicit functions. Currently, tiny wireless microchip transceivers are under 
development at Stanford University that will cost little to manufacture and are 
designed to make possible the concept of billions of connected objects. Combine this 
potential digital capability with advancements in robotics, artificial intelligence, 
machine learning, shape changing assemblies, as well as developments in the 
materials field, such as energy-harvesting fabrics, bioengineered materials and 
nanoscale innovations, e.g. graphene, carbon nanotubes and nanocircuits, and it is 
easy to imagine myriad opportunities for extraordinary future urban technological 
objects for public use. Thus, to prepare ourselves for designing with this new 
repertoire of materials and technologies, and to ensure that we do so in ways that 
improve the experience of living in our future cities, it is vital for interaction design 
research to develop new research approaches and methods which concern physical-
digital synthesis in the built environment. 
 
 
Thus far I have introduced the central question which this thesis addresses, and the 
main activities it undertakes. I have provided a summary of the context within which 
my research is being undertaken, and in so doing have discussed the current interest 
in future connected and smart cities, and new and emerging technologies and 
materials. Next I shall discuss the real-world and grounded nature of my research and 
provide a summary of its disciplinary domain. 
 
 
1.2.  On the ground perspective 
As we have seen, there is significant interest in how technological and material 
advancements may transform cities and the potential for human interaction with 
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them. A number of influential authors are researching and debating the big pictures 
and theories related to physical-digital synthesis and urban culture. For instance, 
Adam Greenfield contests the predominant framing of the ‘smart city’: 
‘Out of all the potentials our moment might give rise to, and all the modes 
in which we might choose to use networked information technology in our 
cities, the narrative of the smart city as it is currently being articulated and 
advanced to us, represents some of the least interesting and most 
problematic.’  
Adam Greenfield, 2013, p.5 
 
However, these authors are dealing with the abstract, and not concentrating on the 
practical acts of researching and designing physical-digital artefacts for urban 
settings. Whilst these visionaries are identifying that we need to improve the way 
interaction design is done, ‘Better design sensibilities toward ever more situated 
technologies now seem vital’, they are not providing practical methods for 
practitioner-designers to do so (McCullough, 2013, p.282). 
 
Real-world lived experience of the nascent smart city 
Turning our attention briefly to information technologies such as sensors, processors, 
and the associated data they generate, which are already embedded in the local sites 
and situations where people experience daily life, and we can be fairly certain that 
the amount of smart and connected objects is only likely to increase, and influence 
the development of everyday experience. Objects connected to lower radio frequency 
outdoor white space networks will enable concepts such as IoT to flourish, as they 
will not need as much power. Currently a number of towns are building these white 
space networks to enable experimentation with smart objects. In Milton Keynes, 
waste bins, parking spaces, rodent traps, soap dispensers, and water meters are being 
embedded with computing (Garside, 2014). Although, akin to Greenfield’s 
protestation concerning the limited prevailing vision of ‘smart cities’, and illustrating 
further the need for new methods and tools to support the conception and design of 
future urban physical-digital artefacts, SValmont remarked in an online discussion:  
 
‘I think the Milton Keynes 'internet of things' would be more like Marvin the 
Paranoid Android. Imagine... all that ability... and you're coordinating rubbish 
collection in MK.’ 
SValmont, 2014 
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Examples of people’s current experiences of mundane physical-digital artefacts 
being confusing and frustrating are manifold. The following observation relays my 
own experience of buying two bottles of mulled wine and a packet of spaghetti from 
a local Sainsbury’s supermarket, by means of interaction with a self-service checkout 
machine as I scan the items. Whilst located indoors, and not in public space, it serves 
to illustrate an everyday type of human encounter with computational objects: 
 
Self-service machine A: Touch the serve button to begin. Key in the item’s code or 
look up items. 
 
Self-service machine B: Insert your card 
Self-service machine A: Approval needed. 
Self-service machine A: Approval needed. 
Me: Sorry, what does that mean? 
Assistant: It’s just sort of like…there you go. 
Me: Oh right, thank you. 
Self-service machine B: Thank you for using Sainsbury’s self-checkout. Touch the 
serve button to begin. Key in the item’s code or look up items. 
 
Self-service machine A: Select payment type. Have you swiped your Nectar card? 
Self-service machine A: Insert your card. 
Self-service machine A: Thank you for using Sainsbury’s self-checkout.  
Self-service machine A: Touch the serve button to begin. Key in the item’s code or 
look up items. 
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Figure 1. Digital train timetable sign at Clifton Down Station, Bristol, November 2013 
 
	  
Figure 2. Ticket machine, Clifton, Bristol, May 2014 
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This thesis deals with the practice of researching and designing for the future. As 
such, it relates as much to the experience of buying spaghetti at a self-service 
checkout, navigating digital train signage (Fig.1), buying a ticket (Fig.2) and IoT 
rubbish collection in Milton Keynes, as it does to the big picture concepts put 
forward by the influential theorists in the field. This research takes the vantage point 
of the pavement. It is a street level investigation that concentrates on persistent, or 
fixed and situated physical-digital artefacts. In so doing, it acknowledges 
McCullough’s assertion of ‘the rising cultural importance and attainment of the 
discipline of interaction design, where the aesthetics of everyday experience depend 
less on prepackaged units of transmitted entertainment and more on the discovery, 
navigation, and engagement of local affordances’ (2013, p.97). Hence, this thesis is 
concerned with making our everyday experiences of future cities more satisfying 
than our present encounters with mundane computational objects. 
 
 
In this section, 1.2, I have offered examples of our everyday experiences of physical-
digital artefacts and highlighted how the creative potentials for near future urban 
technologies, at the nascent stage of the smart city and IoT concepts, are presently 
disappointing. In section 1.3, I shall explore the research domain of this study, and 
briefly discuss the focus of current major directions in the field. 
 
 
1.3.  Research domain: interaction design 
This study aims to make an original contribution to interaction design research - a 
young, fluid and complex field that has established itself as a design discipline, and 
as a discrete area of research (Fallman, 2008; Wiberg, 2014). Due to its emergent and 
porous nature, to date there is not a unified definition of, or vision for, interaction 
design (Lowgren, 2013: Kaptelini and Nardi, 2006), and there is limited 
understanding of what design research can contribute to this constantly changing 
field (Forlizzi, Zimmerman and Evenson, 2008; Rosner, 2015). This may be due to 
the multifaceted intellectual and cultural histories of this area; for instance, it is 
possible to frame interaction design as emerging from the traditional design 
disciplines of product design or graphic design, as an extension of human-computer 
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interaction (HCI), or to interpret it through the specific technological setting that 
enables the use situation (Zimmerman, Stolterman and Forlizzi, 2010). Moreover, 
increasingly this young and evolving terrain is occupied by those from different 
disciplinary backgrounds, each of whom bring with them theories, approaches and 
methods particular to their subject specialism (Rogers, 2004; Fallman and 
Stolterman, 2010). For instance: ceramicist Anthony Quinn has collaborated with 
computer scientists to create patterns on tableware that can be recognised as 
computer codes (Meese et al., 2013); textile designer Maggie Orth (2009) explores 
electronic textiles, and jeweller-researcher Sarah Kettley (2007) has developed a 
craft based methodology for the development of computational wearable products. 
Hence, interaction design research can be seen as encompassing a disciplinary 
diverse and growing community of practitioner-researchers who, whilst operating 
from their own conceptual foundations, are all engaged in questioning, reflecting 
upon, and contributing to the design and integration of digital technologies and 
materials in relation to human experience.  
‘The disciplinary borders between the field of interaction design research 
and other art and design disciplines is neither entirely clear nor generally 
accepted and the relationship to more established fields of research - 
including traditional HCI…is not clear.’ 
Fallman and Stolterman, 2010, p.266 
 
In fact, the evolving multidisciplinary complexity of interaction design that makes it 
such a vibrant and attractive field, may be a reason for the difficulty in defining the 
discipline. There are a number of attempts at defining interaction design, but none 
are settled. For example, Goodman, Stolterman and Wakkary offer a definition for 
the doing of interaction design, but it is unsatisfactory for the intents of this thesis, as 
it misses the understanding of materiality and the setting as prerequisites: 
‘Ideally, interaction designers combine knowledge of technological 
possibilities of the platforms and systems in play, skilled aesthetic 
judgement, and empirically informed empathy with potential users.’ 
Goodman, Stolterman and Wakkary, 2011, p.1061 
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For the purposes of this research, both Richard Coyne’s definition of interaction 
design that foregrounds the computational objects, and Kaptelninin and Nardi’s 
account that privileges people, are useful frames: 
‘Interaction design develops and explores innovative technologies and 
applications, and positions ubiquitous technologies places in contexts of 
embodied, situated agency and spatiality.’ 
Coyne, 2010, p.xxiii 
 
‘The emphasis in interaction design [is] on the social, emotional, cultural 
and creative dimensions of human actors in shared contexts.’ 
Kaptelinin and Nardi, 2006, p.6 
 
As discussed earlier in the chapter, interacting with technological objects in social 
physical settings will provide a plethora of new challenges for interaction design in 
the near future. Thus far we have scant understanding of the nature, definition or 
framing of these challenges, and our present theories are insufficient for the 
emerging domain (Dourish, 2001, pp.15-52). Hence, to address this situation, new 
conceptual and methodological tools that contribute to the emerging paradigms of 
interaction and interactive system design are required (Dourish, 2001; Deshpande, 
2012; Hornecker and Buur, 2006; Wiberg, 2014). Nelson and Stolterman underpin 
this when they state ‘theories on new forms of digital artefacts must not only deal 
with the existing but with the not yet existing’ (2003, p.17). According to Forlizzi, 
Zimmerman and Evenson (2008) the development of new approaches and methods 
for interaction design research is an important role for design researchers. Stolterman 
expands this argument to include interaction design practice when he states that ‘any 
attempt by interaction design research to produce outcomes aimed at supporting 
design practice must be grounded in a fundamental understanding of the nature of 
design practice’ (2008, p.55). In addition, Ramduny-Ellis et al. identify the need for 
a greater awareness of materiality amongst those involved in designing for physical-
digital synthesis when they claim, ‘As hybrid physical/digital products are 
developed, designers have to understand what is lost or confused by this added 
digitality – and so need to understand physicality more clearly than before’ (2009, 
p.168). It is the need to develop new applied methods of inquiry for interaction 
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design research and practice that are grounded in contemporary design and making 
culture and focus on physical-digital synthesis, argued for by Dourish, Stolterman 
and Forlizzi, Zimmerman and Evenson, that this thesis addresses.   
 
Recent thematic trends in interaction design research and practice include the 
intersection of craft and technology (Rosner, Ikemiya and Regan, 2015; Zoran and 
Buechley, 2013), the exploration of materials and materiality (Wiberg, 2014), 
Research through Design (Zimmerman, Stolterman and Forlizzi, 2010; Bowers, 
2012; Stolterman, 2008; Zimmerman, Forlizzi and Evenson, 2007) the emerging 
participatory and DIY maker practices (Ames et al., 2014; Buechley, Qiu and de 
Boer, 2013) and the embodied experience of technologies in the built environment 
(Hornecker, 2012; Dalton et al., 2014). Alongside these areas which largely relate to 
the emerging relationship between the applied arts and interaction design, a number 
of investigations have occurred that concentrate on the practice of designing (Rosner 
and Taylor, 2012), or the production of methods, approaches and frameworks for 
interaction design (Loke and Robertson, 2013; Leong, Vetere and Howard, 2006; 
Kettley, 2007; Xambo, Jewitt and Price, 2014). Whilst these contributions are of 
value, they are deficient for the purposes of this thesis as none of them has 
undertaken an integrated and holistic approach which has been informed by their 
intended users, nor do they specifically address technological public objects situated 
in the urban outdoors. 
 
Multidisciplinary perspective of study 
Due to the subject and nature of this research, and the nascent stage of the territory, 
this study draws on the perspectives of several disciplines which are theoretically or 
practically engaged with urban computing. Authors such as Malcolm McCullough, 
William Mitchell and Richard Coyne advance issues of space and place, including 
connections between pervasive computing and the built environment, from 
architectural and contemporary urban geography perspectives. Others, such as Paul 
Dourish, Genevieve Bell and Bruno Latour, involved with the sociology of 
technology reflect upon the ways in which technologies are conceptualised, created 
and integral to society, and they consider the conditions and forces that may shape 
our socio-technical futures. Studies in Material Culture undertaken by authors 
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including Daniel Miller and John Law, investigate the relationships between objects 
and social relations. Traditional design subjects, such as textile, product and ceramic 
design, are richly sensual activities focused on designing future artefacts and 
services, with many designer practitioner-researchers having deep understanding of 
‘materiality’ including the sensorial properties and qualities of materials and 
manufacturing processes. William Gaver, Martin Wiberg, Erik Stolterman and Steve 
Benford are located ‘within’ the interaction design and HCI fields, and offer a wealth 
of insights that are sensitive to design. Furthermore, as this thesis embraces 
traditional research approaches as well as inventive methods, it is necessary to be 
familiar with researchers employing creative critical methods through different 
disciplinary lenses e.g. Sarah Pink. Whilst appearing intrinsic to informing the 
research, it is acknowledged that these different disciplinary theories and practices do 
not necessarily share common ground. Indeed, the exploration of multiple 
perspectives may introduce conceptual tensions, and the sum of their contributions 
may not form a coherent and seamless whole. However, it is anticipated that the 
potential differences will be as illuminating and insightful as any similarities  
and agreements.  
 
What will the study do? 
According to Forlizzi, Zimmerman and Evenson, ‘the goal of interaction design 
research is to produce knowledge for the research and practice communities, rather 
than make a commercially viable product’ (2008, p.26).  As such, this study aims to 
contribute to the emerging paradigms and methods of interaction design research in 
order to inform, support and advance both research and practice. In doing so this 
study will adopt a Research through Design approach to develop resources for design 
research to support and inform discourse, critical reflection, and design processes, 
rather than commercial product production (Walker, 2010; Forlizzi, Zimmerman and 
Evenson, 2008; Fallman, 2008). This thesis recognises that there are many models of 
interaction design research, and aims to create new methods and perspectives for 
design that co-exist and can be integrated with the established research approaches 
and processes (Stolterman, 2008; Cross, 1999; Fallman, 2008; Rogers, 2004). The 
resources developed as the outcomes of this thesis are intended to support ways of 
thinking, and to provide the interaction design community with concepts and 
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methods that are non-prescriptive. The thesis is intended to support exploration, 
show alternative methods, and contribute to societal discussion regarding physical-
digital synthesis that affords meaningful experiences in future urban landscapes.  
 
Challenge for this study 
A challenge for this study is articulated by media theorist Geert Lovink when he asks 
‘How can you do research when your object is in a state of hyper-growth and 
permanent transformation?’ (2008, xxiii). This thesis is dealing with states of flux 
and potentiality; contemporary urban environments are not digitally networked to an 
extent that affords seamless interactivity and by their very nature, many ubiquitous 
technologies are hidden, hence our setting is not at-hand. At this point it should be 
noted that some commentators contest this position and argue that ubiquitous 
computing (ubicomp) is already present, but the sites are currently unreadable 
(Dourish and Bell, 2011, p.29).  Moreover, Farman claims that our existing mobile 
technologies ‘are the tools that will herald in the age of pervasive computing’, and as 
such suggests that by overlooking mobile devices, current ubiquitous computing 
discourse is lacking (2012, p.9). The technologies themselves are embryonic, there 
are few interactive physical-digital artefacts available in the public realm for 
observation, and the disciplines contributing to the design and development of digital 
artefacts are manifold and changing. Coyne addresses the issue of undertaking 
investigations into future new user interfaces for urban computing, by arguing that 
valuable insights can be gained from ‘disconnected experiments along with 
imaginative conjecture … and requires invention and speculation’ (2010: xxii). This 
thesis adopts such a research methodology, a description of which will be described 
in Chapter 3, Research Methodology. 
 
In this section, 1.3, I have described the ‘on the ground’ perspective of my research, 
outlined current concerns for the interaction design research community and 
highlighted gaps in our knowledge that this thesis aims to address. I have provided an 
account of the multidisciplinary perspective of this study and acknowledged the 
challenge in undertaking such research. In the next section, 1.4, I turn my attention to 
deconstructing the central research question. 
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1.4.  Central research question unpicked 
 
What resources for design research can help practitioners and researchers from 
multiple creative design disciplines improve the design of physical-digital 
artefacts located in the public realm? 
 
At first reading the central research question appears straightforward and 
unambiguous. However, in order to ensure clarity, it would be beneficial to define 
what certain elements of the question mean for this thesis:  
• how is ‘improve’ defined? 
• what are the criteria of a physical-digital artefact? 
• of what is the public realm constituted?  
Before attending to these three elements of the question, it should be noted that 
throughout the thesis I refer often to ‘multidisciplinary designers’, which I use as a 
shorthand term to describe designers from a range of creative design disciplines, in 
particular material-focused disciplines, e.g. textile design and ceramic design. 
Likewise, I refer to ‘situated technologies’, a term intended to convey a sense of 
fixity and permanence, and I use several alternative terms for physical-digital 
artefacts, e.g. ‘computational objects’ and ‘technological objects’. I also use a variety 
of terms to describe the intended primary users of the research outputs from this 
thesis, e.g. designer-researchers, practitioner-researchers and designers. Lastly, it is 
important to emphasise that the ‘resources’ for design from this thesis refer to 
processes and methods and not tangible objects such as equipment. 
 
How is ‘improve’ understood in the context of this research? 
As has already been described, interaction design is a porous, complex and evolving 
territory, with perspectives from multiple disciplines at play. Fallman and Stolterman 
go so far as claiming interaction design is ‘a shattered discipline with many small 
communities, incommensurable with each other’ (2010, p.266). This study 
recognises the wealth of practitioners and researchers from different creative design 
fields involved in designing digital objects for the built environment, and 
acknowledges their breadth of creative and critical approaches. Therefore, it is to 
these practitioners and researchers that the study turns in order to evaluate the 
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potential for the research outputs to ‘improve’ the design of future physical-digital 
artefacts. The thesis aims to enhance the lived experience of designers by creating 
resources that resonate with the creative design practitioner-researchers themselves, 
thereby positively contributing to their design research processes. The measure of 
success will therefore be an embodied one, from the subjective stance of those 
creative practitioners utilising the resources for design research in order to advance 
the research, design and experience of future physical-digital artefacts located in 
public outdoor space.  
 
‘A different frame of reference is needed – one which focuses on the 
process of design and how the different kinds of designers themselves want 
to be supported.’  
Rogers, 2004, p. 88 
 
This thesis places ‘improvement’ as being relatively better than before, and positions 
it as a subjective and contextually relevant concept. The criteria for improvement, 
against which the resources developed through this research will be evaluated, are:  
1. Expanded design research methods;  
2. Expanded conceptual framing;  
3. Greater contextual awareness of systems;  
4. Designers using the tools within their research and practice. 
  
What are the criteria of a physical-digital artefact? 
This study is not concerned with retrofitting digital information technologies into 
existing material objects, rather it is interested in advancing the conceptualisation 
and design of new urban physical-digital artefacts. Whilst the computational objects 
may be connected and part of the Internet of Things, that is not a necessary property 
for the purposes of this study. There are different ways in which the relationship 
between materials and digital technologies are formed, for instance: 
• digital information laid over a physical environment, e.g. augmented 
reality;  
• microchip embedded into an existing material object; 
• code printed or placed on an object, or packaging, that links to online 
information when scanned e.g. radio frequency identification tags (RFID) 
and bar codes;  
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• digital technologies and physical materials combined from the initial 
conceptualization stage of a novel artefact. 
 
The last category describes the type of future physical-digital artefact to which the 
outputs from this study are ultimately concerned. However, for the purposes of this 
research it is important to frame the multiplicity of relationships that make up the 
layered material-digital-human landscape.  
 
The public realm: spatiality of everyday life 
‘We think we are building the system, but the system is also creating us. We 
build the system, we live in its midst, and we are changed.’ 
Ellen Ullman, 1997, p. 84 
 
Networked technologies are radically shifting our sense and experience of place – 
and where the public realm is actually situated. It can be as much in cyber-space as 
on the ground, or a melding of both into new spatialities of everyday life. The public 
realm can also be seen as provisional and never settled, an inhabited location that is 
ever ‘in the process of becoming’ - a mutually constitutive, productive and relational 
location. However, public space does not necessarily equate to public ownership. In 
recent years, from the 1990’s, there has been a move for ‘public’ land, e.g. that 
which is owned and controlled by democratically elected local government, to shift 
ownership to private companies and corporations. As it does so, Minton claims there 
becomes ‘a new culture of authoritarianism and control … [that] has huge 
implications for public life, public culture and democracy’ (2009, pp.40-42). Digital 
technologies are implicated in this ‘new culture’, e.g. CCTV cameras are often used 
by private owners of public space to monitor and control citizens’ behaviours. As 
mentioned earlier, this thesis is concerned with the lived experience of daily life, and 
takes an ‘on the ground perspective’. Whilst acknowledging there are many ways of 
framing the public realm, this study adopts Sennett’s (2015) description of the public 
realm as ‘a place where strangers meet’. Hence, for the purposes of this research, the 
public realm is defined as an outdoor physical urban environment where there are 
shared spaces open to all citizens, and degrees of anonymity are at play. It recognises 
that people will experience and interpret the setting in ways that are different from 
one another, but are personally meaningful in ways that enable them to make sense 
of, and respond to, the space.  
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To ensure clarity and avoid ambiguity, in this section, 1.4, I provided explanations 
for certain elements of the central research question of this thesis. In section 1.5 I 
shall provide an overview of the short Scoping Study undertaken at the early stage of 
the overall research to inform its conceptual development and research design. 
 
 
1.5.  Scoping study 
Conducted between January 2010 and August 2010, the Scoping Study was an 
investigation that had dual objectives: 
• Understand the nascent territory of physical-digital artefacts in outdoor public 
space and discover how physical-digital synthesis was occurring in the built 
environment, in order to inform and influence the location of the  
research territory; 
 
• Test experimental methods and their usefulness for generating valuable 
evidence and orienting themes. 
 
The Scoping Study investigated the main types of physical-digital artefacts found in 
the built environment at that time, thus it is a snapshot of design practice around that 
period. During this time, Apple’s iPad computer and Microsoft’s Kinect motion 
sensing device were launched as well as other noteworthy technological advances, 
including Google’s driverless car which was revealed to the public for the first time. 
By 2015 these technologies had already become embedded in conventional 
contemporary socio-technological discourse. Moreover, they have been joined by a 
multitude of additional new technologies, big themes and emerging narratives, e.g. 
drones, robotics and autonomous systems, that further impact upon the ways in 
which people make sense of outdoor public spaces, and alter them. Hence, this 
Scoping Study illustrates the rapidly changing socio-technological context within 
which interaction design research operates.  
 
In order to achieve the objectives, the investigation addressed two key questions: 
1. What are the main types of physical-digital artefacts located in outdoor public 
space during the period of the Scoping Study? 
 
2. How can studying theoretical texts related to socio-technological and cultural 
themes, along with studying the materials and materiality of outdoor public 
spaces, be interwoven to stimulate a new method for exploring our physical-
digital and social worlds? 
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Survey of physical-digital artefacts  
As the emphasis of this thesis is concerned with situated technological objects that 
are designed for public use and located in outdoor public spaces, the initial focus of 
this study was fixed street furniture, followed by a wider review of practice in the 
field. For the purposes of the study the definition of street furniture I used 
acknowledged the technological infrastructure necessary for many urban 
technological objects to operate - ‘any object in outdoor public space that is designed 
to offer comfort or convenience for any citizen, and where appropriate, the 
associated technological infrastructure that enables it to function.’ The investigation 
employed a traditional qualitative approach, a literature search was undertaken, e.g. 
Design Council (1979), Aaron (1982) and Main and Hannah (2010), as well as a 
collecting 230 photographs documenting physical-digital artefacts and street 
furniture in Bristol, London and Scotland. Furthermore, in order to situate the 
prevailing practice of the time and inform the focus of my work, I undertook a short 
study of additional ways in which physical-digital synthesis was occurring in public 
outdoor space. The evidence from this study of street furniture and the wider review 
of practice in the field can be found in the Appendices (pp.303-308). 
 
Insights from survey 
Anticipating future physical-digital artefacts 
At present digital technologies appear primarily to be added to existing objects to 
give them additional functionality, which may simply reflect existing social and 
cultural needs. However, there was evidence of a novel physical-digital artefact that 
required the creation of a new category as previously their function was not carried 
out by an analogue object. From the review of practice we can see that through 
artistic intervention, sensory perception of the physicality of the built environment is 
being altered, familiar street objects are reappropriated, and seemingly enduring 
structures are changed. Thus it appears that designers and artists are challenging the 
physicality and ‘stability’ of our cities through their creative experimentation with 
computation and objects. Therefore, whilst we do not know what our future physical-
digital artefacts will be, or how they will become part of our daily experiences of 
urban space, physical-digital synthesis affords the interaction design community 
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opportunities to re-imagine and manufacture new types of objects and re-purpose 
others, in ways that will amplify and alter our experiences of the urban outdoors.  
 
Anticipating future systems 
As well as addressing objects, through the initial inventory of street furniture, this 
study has also brought to the fore the presence on our streets of the infrastructure that 
enable technological objects to operate, i.e. utility networks. The study has also 
highlighted how physical-digital synthesis has enabled new types of systems and 
engagement models that alter the ways objects can be accessed and function. Thus, 
when conceptualising or designing future physical-digital artefacts in the public 
realm, interaction design research should consider the range of enabling networks 
and think in a systems context. 
 
Materials and materiality 
The second part of the Scoping Study concerned my exploration of the materiality of 
outdoor public spaces through experimental methods. Conducted between January 
2010 and August 2010, the research strategy to inform question two took the form of 
practice-led immersion in the field of investigation. To document the materiality of 
the urban setting, 400 street surfaces were photographed in Bristol and London. In 
this context, ‘materiality’ is defined as the characteristics of objects and the 
relationality of the object world. There were no prescribed categories at the start of 
data collection; the emphasis being on 'having an open mind', exploration and 
creative discovery. The themes generated by 'reading the materiality’ of the urban 
setting, i.e. studying the various materials and objects using description, deduction 
and hypothesis, were further researched through engagement with related literature. 
This relationship between materials and text continued in an iterative, generative and 
cyclical manner during the research. Furthermore, so as to test experimental 
methods, throughout the analysis I used a technique of exploring the materiality of 
the setting through stitching, layering and constructing with fabric (Fig. 3). This was 
an inventive, experiential and reflexive approach that intentionally placed intuition as 
the initiator and driver of a conversation between theory and practice. The method 
was further developed, and proved valuable, during a subsequent case study (Chapter 
5, p.196). 
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Figure 3. Experimental stitching, layering and construction with fabrics, May 2010 	  
Insights 
‘Messy’ infrastructure vision   
Usually, utility infrastructure such as water, gas, electricity and most recently 
telecommunications, are hidden from view, but when parts of a system are broken, 
under repair or upgraded the materiality of the system is exposed. When revealed, the 
layers of connections may also be evident. This sensitised me to considering system 
rupture and mess as part of the context within which future computational objects 
will reside. 
 
Representation of political and economic histories 
The aesthetic of artefacts often reflects the socio-cultural moment in which they were 
placed.  However when observing the images of inspection covers and plates that 
display national and multinational utility company logos, e.g. NTL, BT, Thames 
Water, Colt, and Cable and Wireless, it became apparent that historical political 
economy may also be represented. Each industry represented made a significant 
contribution to the ways in which cities have developed since the Industrial 
Revolution, and continue to do so; they point to late 20th century denationalisation, 
and to capitalism. Thus the material signifies hidden systems whilst simultaneously 
 31	  
revealing them. By focusing on one object, the wider dynamic and layered meta 
system can be revealed. 
 
Sanctioned/unsanctioned man-made marks 
Officially produced marks on roads tend to be red, yellow or white lines, pictograms 
and lettering made with thick paint. These marks are prescribed and generic, and 
their purpose is to control behaviour, e.g. signalling where there is access for road 
users, or not. Unofficial marks tend to be either chalk or spray-paint, an array of 
colours is used, and citizens can be fined for creating them. Paradoxically, the 
sanctioned utility companies have adopted the materials of the citizens and are now 
using an ‘urban mark-up language’ to communicate where under the streets their 
products lie. Whether or not they have been licensed to mark the UK public 
highways in such a fashion is unknown. This led me to consider the role of citizens 
in shaping the vision of our future cities, and how creative computing technologies 
could be adopted as a resource for active citizen engagement in the research and 
design of technological objects for public space.  
 
Scoping study conclusion 
Undertaking the Scoping Study provided the following orienting themes to support 
the conceptual development and research design of my thesis: 
 
Firstly, there was a wide range of practical exploration of physical-digital synthesis 
underway in outdoor public space, e.g. digitally augmenting existing types of objects 
to expand or change the user experience. In addition, at the time of this study, there 
was evidence of new types of physical-digital artefact emerging. Therefore for the 
purposes of this thesis, it was necessary to select sites for observation that afforded a 
wide variation of object types and object interactions, and were representative  
of the variation.  
 
Secondly, throughout the Scoping Study, it was apparent that physical-digital 
artefacts are part of networks and systems. For example, in order for a physical-
digital artefact to operate it must connect to the appropriate utility infrastructure, 
however, the evidence suggests the infrastructure present in the spatial setting can be 
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framed as in flux and mutable. The Scoping Study also highlighted the evolving 
types of engagement models and business systems within which physical-digital 
artefacts were located, as well as the changing political and economic environment. 
As such, the Scoping Study revealed the dynamic, ‘messy’ and mutable ‘life support’ 
networks of physical-digital artefacts, which I adopted as an orienting theme for the 
conceptual development of this thesis. 
 
Finally, the second question of my inquiry addressed materiality and testing 
experimental research methods. Through my embodied experience of ‘reading 
material surfaces’ I felt ‘connected’ to the research. The interplay between the visual 
data, the literature, and my tactile sketching with materials proved a natural creative, 
critical and generative method. Reflecting upon the evidence that emerged from my 
investigation, it is unlikely that I would have been alert to certain themes without 
employing the inventive approach that I did. Thus, the Scoping Study confirmed that 
the process of ‘reading’ materials, texts and making was a compatible and generative 
research method. 
 
 
In this Scoping Study I undertook field work in order to familiarise myself with the 
nascent territory of physical-digital artefacts in outdoor public space and to discover 
how physical-digital synthesis was occurring in the built environment. This study 
provided valuable insights and orienting themes to support the conceptual 
development and research design of my overall research.  	  
 
1.6.  Chapter conclusion 
As this chapter has highlighted, we are living in a dynamic and fluid era. The 
emergence and synthesis of new technologies and materials combined with 
connected infrastructures offers a wealth of potential experiences for inhabitants of 
our future cities. Ensuring that these experiences are beneficial for citizens, in ways 
that make future smart and sentient urban spaces more satisfying to inhabit, requires 
new ways of approaching design for these environments. Recently, a significant 
research direction for the interaction design community relates to embodied 
 33	  
experiences of physical-digital artefacts in the built environment. Surprisingly, given 
the richness of the territory, there is little in the literature that provides new 
approaches, methods or tools for those addressing physical-digital synthesis related 
to objects which have a degree of fixity in the urban outdoors. Likewise, considering 
the porous and evolving multidisciplinary nature of the interaction design 
community, there is little in the canon that focuses on the research agendas, practices 
and processes of contemporary materials-focused designers. As such, there is a need 
to develop new research methods to support people from a range of creative design 
backgrounds to conceptualise, research and design physical-digital artefacts for the 
built environment that provide richer interaction paradigms for future city dwellers.  
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CHAPTER 2 - CONTEXTUAL REVIEW 
 
This chapter investigates interaction design and outlines its origins and current 
research concerns. It goes on to discuss contemporary design practice related to 
physical-digital artefacts in the urban outdoors, and the existing design research 
methods, processes and approaches employed by the interaction design community. 
Finally, as this thesis addresses the city as the setting for future fixed computational 
objects which will contribute to the experiences of people’s everyday lives, it 
explores aspects of the city using a range of perspectives. Thus, this chapter provides 
a broad and systematic overview of context, and an extraction and rationale for key 
‘sensitising concepts’ that emerge from the review, i.e. ‘background ideas that 
inform the overall research problem’ (Gilgun, 2002, p.4). 
 
 
2.1.  Interaction design research: emerging materialities 
 
‘Interaction design research has rapidly evolved into a unique, thriving 
discipline embracing practicing professionals, design educators and 
academic researchers.’  
Fallman and Stolterman, 2010, p.265 
 
Whilst Fallman and Stolterman provide a vibrant account of interaction design 
research and its interdisciplinary nature, how to define interaction design remains 
unsettled despite the issue having been approached by many authors working within 
interaction design and HCI (see Rogers, Sharp and Preece, 2011; Kaptelinin and 
Nardi, 2006; Hornecker, 2011; Lowgren, 2013). Consistent throughout these various 
definitions is an acknowledgement that interaction design has a wide and mutable 
scope. Authors, such as Bill Moggridge (2007), Gillian Crampton Smith (2002) and 
Paul Dourish (2004) identify interaction design as shaping everyday lives through 
digital artefacts e.g. products, services and spaces, and discuss the need for 
technological objects to be designed meaningfully as part of everyday culture. Don 
Norman (2011) reasons that the philosophical basis for understanding interaction 
itself has been evolving rapidly, that our understanding of the interplay between 
human emotion and cognition is in development, and, thus, how we frame interaction 
design must evolve. Norman posits interaction should focus on the holistic 
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relationship between the whole multisensory human body and the environment. 
Finally, discussing ubiquitous computing, society and the value of context, 
McCullough presents interaction design as ‘a critical liberal art’ (2004, p.4). Thus we 
can see how interaction design is an evolving and porous field, and how pervasive 
computing brings with it a need for design to attend to embodied experience and 
cultural considerations.   
 
Whilst it may prove fruitless to seek a universal definition for interaction design, 
there may be value in framing the territory through exploration of some of its key 
characteristics. Due to the complex or ‘messy’ nature of the design context with 
which it deals, the concept of Rittel and Webber’s (1973) ‘wicked problems’ has 
been adopted by some in the interaction design community as a setting for its 
operation (Zimmerman, Forlizzi and Evenson, 2007); Deshpande illustrates this 
when offering a series of constituent unstable factors including ever-evolving 
computational technologies and the ‘emergence of everyday human activity areas as 
the design settings for interaction design’ (2012, p.9). Furthermore, a wide range of 
practitioners and researchers emphasise the need for future smart artefacts, 
environments and systems to be designed on human terms, and with human values at 
the heart of investigations (see Dourish, 2004; McCullough, 2004; Harper et al., 
2008). To address this, human-centred design practices are often employed within 
interaction design, which ‘fully embrace the social, political, ecological and 
economic contexts in which individual actions take place’ (Brown, 2012, p.171).  
 
Moving beyond established user-centred design approaches towards participant-
informed and co-design approaches, Damodaran and Olphert call for the active 
participation and engagement of the public when addressing future socio-technical 
relationships in civil society, claiming that ‘it is only with ‘people-power’ that the 
awesome capabilities of information and communication technologies (ICT) can be 
shaped to meet the needs and aspirations of citizens’ (2008, xiii). Thus, whilst the 
context within which interaction design is operating is fluid, multifaceted and 
complex, central to the discipline is concern for the human.  
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Scholars including Dunne and Raby, Djajadiningrat, and Ehn, employ concepts from 
aesthetics and critical theory as modes to investigate, challenge and critique the 
prevailing dominant value systems. Other authors such as Ratto and Boler (2014) are 
involved in ‘do-it-yourself’ citizenship that exploits digital technologies to further 
democratic empowerment. Closely related to which are those for whom making is a 
social and critical activity, e.g. Mann’s ‘Maktivism’ which ‘necessarily involves 
materiality’ and ‘often involves the moral, ethical and lawful (“white hat”) elements 
of the ‘hacker’ ethos, but not necessarily the illegal ‘cracker’ ethos’ (Mann, 2014, pp. 
29-52). In addition, there are calls for fresh complementary design philosophies, and 
rich sets of new underlying values for interaction design. Researchers such as Gaver 
et al. have experimented with designing for appropriation, play and ambiguity, and 
through the ‘Cultural Probes’ method encourage, ‘…subjective engagement, 
empathetic interpretation, and a pervasive sense of uncertainty as positive values for 
design’ (2004, p.56), while others such as Rasmussen and Petersen (2012) argue for 
adopting a feminist value perspective to technological artefacts within interaction 
design. Hence, while aesthetic considerations can influence the creation of delightful 
interactive objects, aesthetic and critical investigation also have currency as an 
approach to resist prevailing ideologies, to challenge forms of disciplinary 
dominance, and to provoke or stimulate thinking around ethical, cultural and  
socio-economic issues. 
 
Origins of interaction design  
Interaction design is a discipline with its roots in design and in human-computer 
interaction (HCI), and as such benefits from the traditions and approaches of both 
(Moore and Lottridge, 2010). As the literature regarding interaction design is the 
most fulsome in relation to HCI, it is from this discipline that the following outline of 
previous concerns is located, and as such it offers a predominantly  
technological view.  
 
It is important to note first that there are several examples of the terms ‘interaction 
design’ and ‘HCI’ being used interchangeably within academic literature 
(Stolterman, 2008; Kaptelinin and Nardi, 2006). In addition, currently the 
relationship between interaction design and HCI is ambiguous. For example, 
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Zimmerman, Forlizzi and Evenson discuss a new model to integrate ‘interaction 
design research within HCI’ (2007, p.493). Nazzi et al. describe human-computer 
interaction and interaction design as separate fields (2012, p.229), meanwhile 
Goodman, Stolterman and Wakkary claim HCI researchers often position ‘HCI as an 
integration of academic practice and professional practices – in particular the new 
profession of interaction design’ (2011, p.1061), and Fallman argues that ‘HCI has 
emerged as a design-oriented field of research’ (2003, p.225). Lastly, addressing 
expansion of the field, Ladner argues that interaction design research lacks coherence 
and claims there is confusion over the essence of the discipline, and asks, ‘What … 
constitutes interaction design research?’ (2010, pp.48-51), while Barnard et al. state 
that ‘the study of HCI is now effectively a boundless domain’ (2000, p.31). These 
examples serve to illustrate the ambiguous nature of the field, and at times a potential 
confusion for researchers operating within it.  
 
Laurel states that ‘human-computer interface design is an ad-hoc discipline’, as it 
adopts a synthetic and integrative approach that is based on interdisciplinarity and 
collaboration (1990, pp. xii). HCI established itself as a research discipline from the 
1970s when the main focus of research was about usability engineering, whereby the 
interactions of humans were modelled to the needs of the computer, and was 
primarily procedural. Before computational power had the ability to be embedded 
within almost any type of physical artefact, the main environmental setting for HCI 
was the office worker in front of a desktop computer. It was at this point that design 
became involved due to a need to create new screen interfaces that made sense to 
users, as opposed to deploying developer interfaces for all. This heralded a focus on 
the desktop interface paradigm of the graphical user interface (GUI), e.g. ‘windows, 
icons, menus, pointer’ interface (WIMP). In the mid ‘80s Bill Moggridge claims that 
the term ‘interaction design’ was coined by himself and Bill Verplank (2007, p.14). 
This decade onwards saw investigations into gesture tracking, virtual reality - 
including Scott Fisher’s work for the NASA Ames Virtual Reality Workstation 
(Manovich, 2001, p.166), data-rich clothing (Randell et al., 2004), speech 
recognition, computer-generated playmates such as CRITTER (Newby, 1993), 
flexible display units (Crawford, 2005), ‘smart’ fabrics and so forth (Laurel, 1990; 
Moggridge, 2007). This wide scope is reflected in the publications concerned with 
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HCI, as well as conferences relating to it, e.g. the ACM Computer-Human 
Interaction (CHI) conferences.  
 
In order to understand office culture and work practices better, sociologists and 
anthropologists began to engage with HCI from the ’80s as essential parts of 
collaborative teams, thus enabling HCI to benefit from a greater understanding of the 
social and emotional ways in which people interact with technology (Forlizzi, 
Zimmerman and Evenson, 2008). These researchers studied the effects of computing 
on groups of people, and how computers were interpreted and appropriated. During 
the ’90s there was a shift towards computer-mediated communication between 
people, therefore researchers were studying how people might communicate via a 
computer. In order to meet the challenges of the new interface design requirements 
there was a recognition that the perspectives and skills of different disciplines were 
needed, ‘Psychologists, graphic designers, writers, industrial designers, and 
programmers all have essential contributions to make to the design of an interface’ 
(Erickson, 1990, p.3). As such, designers and interaction design became a significant 
part of HCI research and practice, placing less importance on the modelling of the 
user, and more emphasis on design’s practice-based approaches, e.g. Gillian 
Crampton Smith’s work in the ‘Computer Related Design Department’ at the  
Royal College of Art (1990-2000).  
 
The emergence and rapid acceptance of the World Wide Web and mobile 
technologies was the next major boost to the relationship between interaction 
designers and HCI, as graphical user interfaces were required for all forms of online 
activities, e.g. online banking, shopping, social networking, entertainment and so 
forth. Nowadays, with the advancement of telecommunications, access to small and 
cheap sensors as well as relatively low-cost displays, and nascent stage ubiquitous 
computing, many of those concerned with interaction design and HCI have turned 
their attention to the digitally augmented objects and the physical-digital ecosystem 
e.g. Internet of Things, wearable computing, tangible interaction, and interactive 
architecture. Interaction Design Research has emerged as a field involved in 
exploring these new, evolving and future interaction technologies and systems. It is 
concerned with generating knowledge for use by interaction design and HCI research 
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and practice communities, and as such is not directly involved in making 
commercially viable products (Zimmerman, Forlizzi and Evenson, 2007). Wiberg 
posits that ‘the creation of knowledge related to approaches for inventing the future’ 
is a pressing concern of the discipline, and claims that ‘interaction design research is 
about design and it is about research through design’ (2014, p.22).  
 
Technological and material advances are rapid within interaction design and HCI, 
and the move from the screen to the object, e.g. tangible and physical computing, 
means that foundational concepts are being questioned. Weiser’s (1991) seminal 
vision of ubiquitous computing affording ‘invisible’ tools, is challenged by those 
who question the dominance of disappearance as a design goal (Bolter and Gromala, 
2003; Rogers, 2006). There is a desire to develop new ideas, methodologies and 
goals for conceptualising the relationship between embodied subjectivity, materials 
and emerging technologies (see Rogers, 2006; Stolterman, 2008; Deshpande, 2012). 
Harper et al. call for a new direction that ‘conceptualises users as embodied 
individuals who are part of a social, economic and political ecology’, requiring that 
there is ‘a new conception of ‘computer’ in HCI’ (2008, p.76). Add to this the 
emerging approach of integrating biological systems with models of interaction 
design, and the massive changes and implications for interaction design are evident 
(Parkes and Dickie, 2013). Thus, in this new era of emerging physical-digital 
synthesis in the social world, new foundational concepts, approaches and methods 
are required. Likewise, new criteria and frameworks for analysis and evaluation of 
research contributions will need to be developed. 
 
Addressing the turn to materials and materiality in interaction design 
In order to design for meaningful presence in our everyday lives, interaction design 
research has paid significant attention in recent years to the sensory, expressive and 
emotive qualities of things and phenomena. As such a range of approaches, 
frameworks and conceptual tools relating to aesthetics and interaction design have 
been developed e.g. form-driven interaction design research (Jung and Stolterman, 
2012). However, scholars posit that a coherent and holistic use of aesthetics in HCI 
design remains marginal and unclear (Bardzell, 2009; Lim et al., 2007). Whilst 
designing for aesthetic experiences and reflections that enable users to make sense 
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and meaning is one of the foundations for traditional design disciplines, aesthetic 
sensibilities or approaches are not universally understood or adopted amongst the 
different communities within interaction design and HCI. Adopting a Pragmatist 
perspective, Petersen et al. challenge a prevailing assumption that aesthetics is 
mainly concerned with the visual impression of artefacts when asserting, 
‘…[aesthetics] is part of the foundation for a purposeful system. Emerging in use, it 
is an integral part of the understanding of an interactive system, and its potential use’ 
(2004, p.271). Thus, aesthetics of interaction relates to experiential quality and value, 
as well as recognition and perception of an object, and as such is intimately related to  
‘the material turn’. 
 
The relationships between materiality and computation offer valuable and potentially 
transformative perspectives for those pursuing aesthetic and new methodological 
explorations in interaction design research (Jung and Stolterman, 2012; Doering, 
2011; Stolterman and Wiberg, 2010). There is growing interest in exploring how 
interaction design researchers and practitioners can acquire a richer conceptual 
understanding of materials and materiality, and practically apply these findings. 
Wiberg states that ‘the field is increasingly borrowing methods from craft and using 
craft as a way of thinking through material’ (2014, p.627). In addition, Research 
through Design has gained currency as an approach as it ‘allows researchers to rely 
on designerly activities as a way of approaching messy situations with unclear or 
even conflicting agendas’ (Zimmerman, Stolterman and Forlizzi, 2010, p.310). The 
CHI 2012 international conference presented ‘From Materials to Materiality’, and 
CHI 2013 offered ‘Codeable Objects’ and ‘Electric Materialities and Interactive 
Technology’ sessions. These three sessions were among a growing number 
concerned with questions regarding craft, handiwork and interaction design, and the 
importance of actively working with the materials in-hand. These explorations relate 
to some of the concerns of my own research field.  
 
Elsewhere, researchers conducting design research through a material lens are 
exploring how engagement with material studies and material culture might 
contribute to deeper conceptual understanding and analysis of materiality in HCI and 
interaction design. For example, the UK Government research funding agency, the 
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Arts and Humanities Research Council is supporting the REACT programme that 
researches ‘questions around material culture, and the shape of the experiences and 
interactions we have with our physical and virtual worlds’ (REACT, 2015). Thus 
practitioner-researchers from materially focused design traditions are now addressing 
the concerns of interaction design research and HCI. Indeed, Kuuti and Bannon 
(2014) suggest a practice-based research agenda rather than interaction-based, is 
necessary for investigating computational objects. Hence the new focus on 
materiality affords opportunities for designers such as ceramicists, textile designers 
and jewellers, to emerge as the latest new community to engage with the field,  
and any new approaches and methods should support these  
material-centred communities. 
 
‘Proposing terms that support a material turn could lead not only to the 
creation of new materials and environments but might also lead to 
development and evaluation of new terms, concepts, and frameworks that 
will, in turn, generate new research questions and open new spaces for 
design.’   
Robles and Wiberg, 2011, p.143 
 
Here, Robles and Wiberg address the new ‘material turn’ by proposing a vocabulary 
be developed that reconciles an historic physical-digital divide, which they present as 
unhelpful for future design when addressing materiality in the context of 
computation. Through their discussion of physical and digital materiality, Hogsden 
and Poulter offer an account that relates to virtual objects that have a materiality that 
enables them to be, ‘catalysts for new encounters [and] act as nodes of engagement 
on a potentially limitless basis’ (2012, pp.266-270). Witcomb (2007) also discusses 
how virtual objects can engage the user’s emotions and suggests that digital can be 
thought of as a material form of expression; she advocates developing a materialist 
approach to understanding virtual objects. Whilst the concern of this study is not 
about virtual objects per se, the notion of a materialist approach to computation, one 
that does not position technology as ‘the other’ or (im)material, resonates with 
Robles and Wiberg’s desire to bridge the physical-material duality. Speed’s 
suggestion that ‘we are likely to see more circumstances in which physical objects 
will become associated with social data looking for a host’ further emphasises the 
need to adjust the way we conceptualise digital and material relations (2011, p.21). 
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Thus, adopting an holistic and expansive physical-digital lens that is integrative and 
not dividing, may prove a valuable way for interaction design research to frame 
physical-digital relationships, and is central to understanding physical-digital objects. 
 
Conclusion 
From this exploration of the origins of interaction design through to contemporary 
major research directions for the discipline, I have developed a greater awareness of 
interaction design research.  
 
Firstly, designer-researchers from material-focused design disciplines are now 
addressing the concerns of interaction design and HCI, brought about by the 
enmeshing of materials and technologies. In turn, the nascent stage collaborative 
relationship between ubiquitous computing and craft has stimulated a growing 
interest, by some of those in the interaction design research community, in material-
centred methods and approaches. Related to this point, is that Research through 
Design has established itself as a growing approach within the field.  
 
Secondly, physical-digital synthesis in our social world offers designer-researchers 
valuable and potentially transformative perspectives, and has provoked interest in 
investigating associated ethical, cultural and socio-economic issues. 
 
Thirdly, through this exploration I have discovered the need for new foundational 
concepts, approaches and methods to support researchers who employ a material lens 
to investigate technological objects for the social urban outdoors. These resources 
should position the physical and the digital as mutual constituents, and not in 
opposition. As a result, I have established ‘materiality’ as an important sensitising 
concept for my research, and shall use it to frame the primary investigations for this 
thesis (see Chapter 3, pp.72-74) for an account of materials and materiality). 
 
Finally, I have also learned that interaction design research is in its infancy and 
positions itself as generating knowledge and resources for research and practice. It is 
not directly involved in developing viable commercial products. Through an 
exploration of the interaction design field I have developed a greater sensitivity to its 
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multidisciplinary nature, the range of perspectives that are the foundations for 
multiple investigations, e.g speculative design and critical making, and that it is an 
evolving, porous and dynamic field. Interaction design appears to host plural and 
changing research cultures that bring with them a variety of conceptual and 
methodological approaches, and as such is neither unified nor settled. As a result, 
this research adopts an encompassing and generous view of  
interaction design.  
 
 
2.2.  Contemporary design research: emerging multisensorality  
Designers often engage with digital technologies during each stage of the design 
process. From research to initial concepts, and artwork to production, digital 
technologies play an intrinsic part in the creation of an artefact. Whether by product 
designers, textile designers or interaction designers, there is often a mix of material 
and digital exploration. In order to challenge established thinking, innovate and to 
investigate how to ‘create multiple new worlds’ (Gaver, 2012, p.943), increasingly, 
designers from different specialisms are pushing the boundaries of their fields by 
experimenting with technologies new to them, e.g. physical computing, 
nanotechnologies and biotechnologies. In doing so, they may work with other 
disciplines to explore themes such as environmental sustainability, wearable 
computing, and the Internet of Things.  
 
In order to develop a deeper understanding of the design of physical-digital artefacts 
for public space this section outlines the types communities exploring novel forms of 
physical-digital synthesis, and presents some of the investigations undertaken. In 
particular, it highlights those from creative arts and research backgrounds. This 
section goes on to address the eclectic mix of research approaches and methods 
currently employed by practitioners and researchers working at the intersection of 
art, design, science and technology, so as to better understand  
design research. 
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Communities of practice and research 
Creativity and creativity in design are understood in many ways. While providing a 
distinction between design that is routine (following a defined schema) and that 
which is creative (agitating the schema), Gero (1996) suggested that creativity in 
design is about introducing something new that leads to unexpected and valuable 
results. This research is concerned with those who ‘agitate the schema’ and therefore 
are involved in creating novel outcomes.  
 
Investigation of physical-digital synthesis in urban environments is underway in 
many communities, exploring a range of themes, e.g. mobile, navigation, 
transportation, robotics and surveillance. Notable examples of corporate labs which 
are at the forefront of exploration include Intel, IBM, Microsoft Research, Google 
and Philips. These industrial research labs regularly collaborate with, and fund, 
university research and design programmes and projects. For example, Intel partners 
extensively with American universities (Berkeley Research, 2011), and Microsoft 
Research runs its annual ‘Design Expo’ programme for students addressing the 
concerns of interaction design research and HCI (Microsoft Research, 2015). 
 
Worldwide, university research centres and courses have made significant 
contributions to the research and development of digitally enabled devices through 
all forms of orientation e.g. practical, theoretical, conceptual and methodological. 
Heralded and sustained contributions have come from a variety of institutions 
including, MIT Media Lab, Tisch School’s Interactive Telecommunications 
Programme at NYU, the Royal College of Art’s ‘Design Interactions’ department, 
Plastic Arts and Mixed Media course, University of Tsukuba, and University of 
Nottingham’s Mixed Reality Lab. These institutions often explore social, cultural 
and environmental aspects of physical-digital synthesis when addressing areas such 
as tangible interaction, wearable computing, computational objects, interactive 
spaces and ubiquitous computing. However, design research innovation is not only 
underway in the formal setting of the university or industrial lab. Due to the 
availability and relatively low cost of technologies and materials, multiple forms of 
exploration are happening outside of institutions.  
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Thus far, the 21st century has seen a marked increase in the amount and range of 
communities exploring the physical embodiment of computation. Nowadays 
researchers, practitioners and theorists have been joined by other communities, and 
are together expanding and reconfiguring the terms of collaboration and innovation. 
Of particular note is the do-it-yourself (DIY) and Pro-Am culture, whereby hackers, 
tinkerers and hobbyists are meshing technologies with material objects to create 
tangible and embedded artefacts and systems (Leadbeater and Miller, 2004; 
Williams, Gibb and Weekly, 2012; Bardzell, Bardzell and Toombs, 2014). This 
situation has emerged, in part, because technologies such as electronics, sensors and 
telecommunications have been minituarised and are more widely affordable. In 
addition, the increasingly easy availability of new open hardware electronics 
platforms e.g. Arduino, Pinguino and Lilypad, and free and open source software 
(FOSS) scripting languages has extended the reach of physical-computing. 
Increasingly, wet labs are a feature of this DIY arena, i.e. where biological or 
chemical matter is tested, as  ‘Biology is humanity’s next technology revolution’ 
(Kong, 2015). In order to share ideas or to collaborate, new fora and making spaces 
have developed as part of the DIY philosophy and culture, e.g. Maker Faires, 
Hackerspaces, Fab Labs, Open Hardware Summit, and the knowledge sharing 
website Instructables.com. Hence, by employing an open and distributed innovation 
process, today there are all forms of individuals, groups and interests working to 
reflect upon and influence the future of our social and cultural fabric  
(von Hippel, 2005).  
 
The Scoping Study (pp.27-32) provided a brief overview of ways in which 
technologies are being enmeshed within the physicality of the built environment, and 
concluded that digital technologies are providing smarter types of existing objects, as 
well as providing new forms of artefacts. It also highlighted the wealth of 
investigations being undertaken in urban outdoor public space by a range of 
practitioners and researchers. In order to explore further the types of physical-digital 
work being carried out, the following section concentrates on two categories of 
digitally augmented objects, firstly those developed for commercial or civic 
purposes, and secondly, those produced as part of art practice or research.  
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Emergent commercial practice 
• The Digital Harbour - Mathieu Lehanneur and JCDeceaux produced a 
structure that provides seating, cover, free high-speed WI-FI connection 
and a touch screen, and offers city information and news for those without 
personal devices (JCDeceaux, 2013); 
 
• The Play Table - produced for parks and public gardens by Mathieu 
Lehanneur and JCDeceaux, it houses two multi-touch screens that 
provide access to computer games (JCDeceaux, 2013); 
 
• Dancing Traffic Light Manikin - produced as a marketing campaign for 
the car manufacturer Smart. It animated an LED traffic light figure on a 
street in Lisbon, Portugal, making it appear to dance (Smart, 2014); 
 
• Puppetrees - Jason Bruges Studio created an outdoor installation that 
interacted with the multi-sensory dimensions of Brussels, e.g. visually 
responding to the sounds of leaves (Jason Bruges, 2008); 
 
• Responsive street furniture - Atkin and Scott added digital technologies 
to fixed street furniture prototypes to make cities more adaptable for 
disabled people (Ross Atkin, 2015); 
 
• The Concept Bus Shelter – by Patrick Jouin and JCDeceaux, provides 
free WiFi connection, mobile phone charging points, plus a defibrillator 
monitored by a GPRS network, thereby ‘underlining JCDecaux’s 
ongoing commitment to public service’ (Daily DOOH, 2012); 
 
• Murmur wall - an ‘artificially intelligent, anticipatory installation that 
reveals what the city is whispering, thinking and feeling’, as part of a San 
Francisco festival (Future Cities Lab, 2015);  
 
• The Playful Bench - MAPT and Sune Petersen created an artistic 
interactive park bench, which uses a projector and cameras to create 
visual effects on the bench, (Sune Petersen, 2011); 
 
•  The World’s Deepest Bin - to encourage people playfully to throw their 
rubbish in to the waste bin, sponsored by VW, (The fun theory, 2009).  
 
To scope the nascent field of commercial and civic interactive artefacts, I searched 
for examples of interactive and tangible street furniture and installations, and 
selected those that represented the range of typical work undertaken. From this list it 
is apparent that physical-digital artefacts produced for multiple sites and for batch or 
mass production, appear to be concerned with digital accessibility, functionality and 
information, e.g. Digital Harbour and Concept Bus Shelter (see Chapter 5, pp.184-
198 for a related case study). Whereas those commissioned as individual 
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interventions in specific sites appear to embrace emotional resonance with the public, 
e.g. the Playful Bench, the World’s Deepest Bin and Dancing Traffic Light Manikin. 
The latter group are concerned with emotionally affective and sensual interactions 
with situated technological objects. This list provides a snapshot of the spectrum of 
work that can be found in our urban spaces. 
 
Emergent communities of practice and research 
Contemporary design research operates in a complex and frenzied post-industrial 
Digital Age. Due to advancing material and digital technologies and the internet, 
designers navigate multiple, and often conflicting, models of production, distribution 
and consumption, as well as emergent ideologies and practices. The multiple strands 
of activity occurring within or around interaction design in public urban space span a 
broad thematic arc. Although occupying different conceptual spaces and exploring 
the integration of physical and digital materials from different perspectives, there is 
often such an overlap that the borders can be imperceptible. Across the thematic arc 
of contemporary multidisciplinary exploration, notable examples emerge that 
illustrate the scope of investigation and experimentation, e.g: 
• packs of feral robotic dogs to investigate environmental hazards by Natalie 
Jeremijenko (2005); 
 
• a 15 storey structure containing electronics and LED lights inside of balloons 
which were designed, assembled and controlled by members of the public as 
part of a participatory design approach, designed by Usman Haque (2006); 
 
• Urban Probes - a research methodology for conducting urban computing 
research, which includes presenting technological objects as interventions 
into the streets to stimulate responses from the public (Paulos and Jenkins, 
2005). 
 
Although not concerned specifically with fixity, under the title Urban Media 
Interfaces, Mirjam Struppek (2002) produced a useful frame for considering the 
types of explorations that artists and designers from multiple territories are 
producing, which include the following categories: 
1. Interactive Installations 
2. Public Projections 
3. Public Sound-Recordings  
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4. Light and Sound-Triggering Installations 
5. Public Communication-Sculptures 
6. Psychogeographic Performances. 
 
Struppek’s list gives a sense of the range of creative work being undertaken. Of 
particular relevance to this thesis are ways in which practitioner-researchers design 
for fixity and appropriate familiar static structures on our streets. Notable examples 
include: 
• LightBridge – sensor triggered lighting in responsive networks (Seitinger and 
Warwick, 2013);  
 
• a series of acoustically interconnected park benches (Hortner et al., 2011);  
 
• Sound Tossing - shoes with their laces tied and embedded with speakers and 
electronic components, are tossed onto electricity cables, created by 
Gupfinger (Coded Cultures, 2011); 
 
• Mark Bain’s ‘Tuned City’ whereby a whole building becomes a sound 
installation (Tuned City, 2015); 
 
• ‘Projected Realities: Slogan Benches’ - publishing perspectives of the 
community in 2000 by Dunne and Gaver (Urban Media Research, 2015); 
  
• Bump – association-creation designed footbridges that allow people in one 
city to feel the footsteps of those in another city (Networked Performance, 
2005); 
 
• Theremin Bollards - interactive musical bollards that anyone can play 
(Theremin Bollards, 2014); 
 
• using a critical design approach Zak Jacobson-Weaver created the ‘Auto-
meter reader feeder’ using parking meters present on the streets (Vasquez, 
2015). 
 
Whilst the conceptual framing, intents and settings of these examples may differ 
significantly, they all appear to share a desire for meaningful experiential resonance 
with their audience, therefore through approaches such as critical design, play  
and participatory design, they are addressing aesthetic, emotional or  
communicative concerns.  
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Turning our attention from computational objects in urban space, to focus briefly on 
one area of material-centred design, textile design, and we can see a wealth of 
creative approaches. Designers pursue their individual and collective investigations 
of materials and material culture through multiple lenses and for radically different 
reasons. Some strive to challenge our familiar sensory perception of fabrics, such as 
Beilharz’s video piece soundscape ‘Fabrication II: The Cry of Silk’ that ‘gives voice’ 
to materials by amplifying and emphasising a range of sounds made by fabrics 
(Beilharz and Vande Moere, 2008, p.272), or Lars Preisser’s ‘Weaving With Sounds 
of Its Own Making’ that presents a textile object emitting the sound of its own 
creation, and Zane Berzina’s (2009) ‘E-static Shadows’ project that allows subtle 
differentiations in each visitor’s sensory experience of the physical-digital 
installation. Others employ a pragmatic aesthetic sensibility through the merging of 
traditional craft and new technologies in their work. Therefore, it is apparent from 
the range of examples in this section that digital technologies are stimulating and 
enabling a wealth of multisensorial investigations in and out with urban space. Thus, 
multisensorality is an exploratory lens that appears to be influencing the agendas of 
emerging multidisciplinary design research communities.  
 
Design research methods   
Walker (2012) talks of the creative design process as enabling the synthesis of 
divergent factors into a result that is then judged on its appropriateness. By using 
practice-based research methods to forge fresh connections, designer-researchers 
undertake a conscious inquiry into the potential for different forms, perspectives and 
concepts to generate new knowledge. Gaver states that ‘most practicing designers, 
however, do not engage with major theoretical approaches in HCI. Instead, they use 
a more eclectic mix of design techniques and orienting concepts’ (2012, p.943). 
Ethnography, cultural probes, personas, scenario-based design, prototyping and focus 
groups are some of the repertoire of familiar methods currently employed by the 
design research community (Rogers et al., 2002; Neilsen and Hansen, 2014). Other 
approaches put forward, yet not necessarily as universally understood or applied, 
include ‘Ambiguity as a Resource for Design’ (Gaver, Beaver and Benford, 2003, 
pp.233-240), adopting spatial concepts and spatial practices from architecture 
(Luusua et al., 2015) an exploratory framework for investigating experiential 
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qualities in adaptive architecture (Bolbroe, 2014), and concept-driven interaction 
(Stolterman and Wiberg, 2010). Vallgarda addresses the need to attend to form in 
interaction design and presents a Venn diagram that represents three interweaving 
considerations that she terms ‘form elements’ (2014, pp.577-592). 
 
‘Designing tangible interfaces requires not only designing the digital but also 
the physical, and their interrelations within hybrid ensembles, as well as 
designing new types of interaction that can be characterized as full-body, 
haptic, and spatial - new challenges for design and HCI… knowledge to 
support design becomes even more important.’ 
Hornecker and Buur, 2006, p.437 
 
In presenting their own analytical framework and concepts to support the 
understanding of social and collaborative user experiences, Hornecker and Buur 
outline a series of frameworks that have been developed relating to aspects of 
‘tangible interaction’ e.g. Ulmer and Ishii; Holmquist, Redstrom and Ljungstrand; 
Benford et al. In so doing they claim, ‘while the social has been elaborated, 
materiality and its relation to the social have been less discussed’ (2006, p.439).  
 
Acknowledging the prodigious activity by the HCI and interaction design research 
community, Rogers (2004) identified limited success in transferring frameworks, 
methods and theoretical concepts developed from HCI research to interaction design 
practice, and suggested they were often deemed by designers to be inaccessible, hard 
to use or too time consuming (Fallman and Stolterman, 2010, p.266). Goodman, 
Stolterman and Wakkary added another reason for the apparent lack of success, 
describing the ‘gap between HCI research and interaction design practices’ leading to 
a ‘misapplication of scientific reasoning practices to design situations that in turn 
leads to results (methods, tools and techniques) that design practitioners do not 
recognize as relevant’ (2011, p.3). Thus, it is recognized that despite multiple 
theories and frameworks having been developed by the research community, often 
they have not been taken up by design practitioners. Hence, in order for interaction 
design research to produce knowledge and resources for design research and practice 
that are perceived as relevant and valuable by the intended audience, greater 
understanding of the culture of design research is required.  
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‘Materials speak their own language to these artists… individually and 
collectively [they] know that their engagement with their materials and 
processes are profound and intense.’ 
McFadden, 2007, p.18 
 
As this quote illustrates, the ways that designer-researchers relate to and experience 
materials can be rich and deeply personal. The tacit and material understanding of 
creative designers enables them to explore and critique fully the relationships 
between concepts, processes, materials and settings (Adamson, 2007; Turrell, 2010; 
Nimkulrat, 2010). As designers actively think through making, and are therefore 
engaged in a continual dialogue with their materials, a creative practioner’s way of 
knowing is situated in the act and experience of doing (Adamson, 2007; Cross, 1982; 
Dewey, 1935). Their designerly sensibility and sophisticated understanding of 
materials, means that highly skilled designers can approach their work in a way that 
is not constrained or limited by purely technical knowledge (Sennett, 2008). Rather, 
the intense, intimate and immersive way of working with and through materials 
affords designers the opportunity to explore and critically analyse materiality 
expansively and through all forms of conceptual, technical and aesthetic 
experiments, whilst retaining the, ‘vital importance of the weaver’s hand’ 
(Hemmings, 2012, p.7).  
 
Given the recent interest in materiality by the interaction design research community, 
surprisingly there is little in the literature that addresses the approaches, processes, 
methods or motivations of contemporary material-centred designers. 
 
‘Given the increasing diversity of people now involved in the design of an 
increasingly diverse set of interactive products and user experiences, it 
would seem even more pressing for such a language(s) to be developed. 
This in itself, however, is no easy task. It requires determining which of the 
new terms, metaphors, and other abstractions are useful for articulating 
design concerns – and which, importantly, the different people see value in 
and feel comfortable using. Designers and researchers need to begin to 
engage in more dialogues, identifying areas of conceptual ‘richness’ and 
design ‘articulation’.   
Rogers, 2004, p.33 
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Conclusion 
This section has further highlighted the disciplinary diverse and growing community 
of practitioners and researchers, working in formal and informal settings, who are 
engaged in questioning and reflecting upon the integration of technology and 
materials in relation to human experience in the built environment. It has illustrated 
the wide spectrum of work undertaken, e.g. critical inquiry, commercial product 
development, public participation and site-specific artistic interventions, as well as 
the wealth of concerns being addressed, e.g. emotional resonance, aesthetics, 
communication and accessibility. Often the overlap and borders between the 
communities involved, and the physical-digital artefacts produced, can seem 
imperceptible. Spanning much of the work is a deep interest in exploring meaningful 
multisensorial experiences afforded by physical-digital synthesis in public space, e.g. 
‘Bump’ footbridges that allow people in one city to feel the footsteps of those in 
another city, and Jason Bruges’ ‘Puppetrees’ that employs multisensory input from 
the city. Hence, I have been alerted to ‘multisensorality’ as a sensitising concept for 
my research. As a result of this I encountered the work of Sarah Pink, who became a 
key influence on my research approach (Chapter 3, p.72). 
 
This section has also highlighted the multitude of research frameworks, approaches, 
concepts and methods developed by the research community, although not often 
successfully adopted by practitioners. Several authors have identified a lack of 
understanding of the design culture of practitioners as a reason for developing 
resources that do not fit with the repertoire of approaches and methods currently at-
play in the design community. Furthermore, despite the current major focus on 
material-centred design in the social setting, to date, for the purposes of interaction 
design research, there has been little in the literature that concentrates specifically on 
understanding the design processes and motivations of material-focused designers. 
Thus, this section has alerted me to the need to conduct a study that aims to reveal 
the design culture and processes of contemporary creative designers from a range of 
disciplines whose practice focuses on the research, design and creation of  
material artefacts. 
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2.3.  City: embodied and emerging assemblage 
Joseph Amato points out in his discussion of human relationships with surfaces, that 
we are living in a time ‘that is programmatically committed to carrying out an 
accelerating, systematic, and reorganizing revolution of the world’ (2013, p.197). As 
discussed in the previous section, practitioners, researchers and theorists from 
interaction design are part of this revolution, and they are asking how technologies 
such as radio frequency identification tags (RFID), wireless sensor-networks, 
embedded sensors, emerging silicon and nanotechnologies, will contribute to 
people’s experience of pervasive computing environments as increasingly they 
become part of our everyday lives. Interaction is intimately related to the setting 
within which it occurs, so for the objectives of this research this section concentrates 
on the city as the site of study. 
 
‘The city in its complete sense, then, is a geographical plexus, an economic 
organisation, an institutional process, a theatre of social action, and an aesthetic 
symbol of collective unity.’ 
Mumford, 1937, p.94 
 
As Mumford illustrates, cities can be read in multiple ways, e.g. materialisations of 
culture and expressions of ideologies and power relations, a physical record of 
society, sites of knowledge, innovation and potentiality, or complex interwoven 
infrastructures (Jacobs, 1969; Naik and Oldfield, 2009; Star, 1999 and Knox, 2011). 
Sociologist Ruth Glass used a mirror as a simple metaphor for the city, as it reflects 
‘history, class structure and culture’ (1968, p.51). Hence, urban landscapes can be 
framed as complex, multifaceted and evolving formations that are the subject of 
many discourses. With this in mind, Mitchell (1996) argues that the very idea of the 
contemporary city must be challenged and alternate futures re-imagined.  
 
Impact of new materials and technologies 
‘Silicon is the new steel, and the Internet the new railroad.’ 
Mitchell, 2000, p.16  
 
Mitchell’s statement serves to illustrate powerfully the significant impact of new 
materials and technologies on society. The commencement of the industrial 
revolution in the 18th century brought about a collection of new issues and challenges 
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to cities. New materials, such as Portland cement patented by Joseph Aspdin in 1824, 
and new technologies, particularly electrification, offered opportunities to conceive 
and create inventive industrial buildings, as well as to take sewerage, water-supply 
and train systems underground. As Malcolm McCullough (2004) discusses in his 
analysis of architecture and computing, across time new technologies serve to 
reshape all aspects of our lives including domestic, manufacturing and healthcare. 
Similarly, Mitchell argues that the expanding numbers of smart environments 
enabled by a growing digital communications infrastructure is ‘changing the spatial 
distribution of economic and social activities – and hence the life and forms of our 
cities’ (2000, p.71). Furthermore, Knox notes in his analysis of innovations and new 
technologies in the early twentieth century, ‘…[they] shook people’s sensibilities, 
turned cities inside out and upside down, and provoked the beginnings of modern 
design movements’ (2011, p.98). Hence we can see our future experiences of 
everyday life in the city has the potential to be massively changed by the latest 
material and technological advances. 
 
Smart, intelligent and sentient 
The relationships between pervasive computing technologies and 21st century cities 
have received much attention from different disciplinary perspectives, resulting in 
varying interpretations and emphasis. Broadly, future socio-technological concepts 
such as the ‘smart city’, are often characterised in Mitchell’s terms as ‘systems of 
interlinked, interacting, silicon- and software-saturated smart, attentive, and 
responsive places’ (2000, p.68). The ‘sentient city’ is another ‘intelligent’ concept 
which has gained currency, and is predicated upon computational information 
processing capacity increasing, and the public surfaces of the city becoming imbued 
with networked intelligence. Therefore enabling artefacts, systems and spaces to 
collect, store and process increasing amounts of information about us all, and ‘itself’. 
Artist and architect, Mark Shephard describes the sentient city as, ‘one that is able to 
hear and feel things happening within it, yet doesn’t necessarily know anything about 
them’ (2011, p.31). Offering an argument that presents a more complex and 
expanded interpretation, Haw and Ratti describe, ‘a mesh of operations that 
aggregate into singular, cybernetic, sentient life-like mechanisms’, and positions 
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everything in the built environment as expanding to become, ‘an inhabitable Internet 
of Spaces’ (2012, p.93).  
 
‘The sentient city should be understood as a collection of plural research 
traditions, performed and commissioned by divergent actors all with their 
own motivation and implicit understanding of what a city should be. They 
vary from government agencies that want to bring order to the city space, 
politicians that would like to promote citizenship, companies that want to 
offer personalised services, community workers that hope to promote 
solidarity or mutual understanding, artists that want to criticise consumer 
culture and urbanites who may embrace, adapt or reject some or other of 
these offerings.’ 
de Waal, 2011, p.191 
 
As illustrated by de Waal, multiple perspectives are in-play around the concept of the 
city having sentience and being a reflexive, context-aware, non-human organising 
agent. With so many frames and perspectives, understandably, the sentient city, 
along with other future city concepts, appears to be a complex and contested site. 
 
Familiar popular visions regarding smart spaces are usually underpinned by the idea 
of seamless and hidden technical infrastructure. However, a number of writers 
remind us that technological systems within the built environment are rarely 
designed in an all encompassing, holistic sense – that is, digital systems are usually 
assembled by taking into consideration other aspects of existing technological, 
material and organisational infrastructures (Kitchen and Dodge, 2011; Dourish and 
Bell, 2011, Greenfield, 2006). Dourish and Bell state that, ‘infrastructures remain 
messy after decades or centuries [and] are inherently uneven in their operation and 
availability’, and as such suggest 21st century ubiquitous computing infrastructures 
should also be framed as messy (2011, p.26). They argue that people’s everyday 
experiences of technologies are continually in the present and visible, and state, ‘we 
will always be assembling heterogeneous technologies to achieve individual and 
collective effects’ (2011, p.26). Chalmers and MacColl (2003) suggest that we 
purposefully design for the everyday messiness and disconnections of technology 
and propose ‘seamful interaction’ as an approach. Thus, it appears that technical 
disruption should be considered a condition of the spatial and experiential context of 
our future smart cities. 
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Surfaces of the city 
According to phenomenological traditions, the ways that people interpret and 
understand the world are intimately connected to their practical experiences in it, 
thus material artefacts and social practices in the public realm are bound together in 
reciprocity. In his analysis of human relationships with material surfaces, and 
adopting the phenomenological perspective, Amato states: 
‘Surfaces cover objects and are the face of structures and environments, … 
[they] cover, laminate, wrap and enclose the exterior and interior spaces of 
manufactured things and legislated and administered lives… Made, 
invented, controlled and administered surfaces define whole environments 
and shape lives ... we weave ourselves, mind and body, into the surfaces 
with which we surround ourselves.’ 
Amato, 2012, pp. 4-5 
  
The instrumental or aesthetic modes through which people experience their 
environments is one that many writers have addressed. Gaver states, ‘we learn to 
read meaning into the characteristics of different places’, and he presents material 
objects as settings that make people aware of appropriate and inappropriate social 
behaviour (1996, p.115). Anthropologist Miller offers an alternative viewpoint, 
‘Stuff has a quite remarkable capacity for fading from view…stuff achieves its 
mastery of us precisely because we constantly fail to notice what it does’ (Miller, 
2010, p.155). Hence the surfaces and material objects of the city are helping to 
orchestrate what happens in the environment by influencing our expectations  
and behaviours.  
 
If the very fabric of our future cities will be monitored using augmented materials 
and smart objects, they will undoubtedly facilitate several hidden as well as explicit 
functions in the built environment (Delaney, 2008). New forms of powerful 
relationships between physical spaces, material objects, digital information and 
people will occur in the emerging sentient city. Farman raises concern over 
increasingly smart objects and their potential for ‘mastery’ by questioning whether 
interfaces and technologies that dissolve into the background and avoid critique pose 
the threat of pervasive computing exercising hegemony (2012, p.29). Indeed, cities 
are already becoming huge repositories of rich and dynamic digital information, and 
the setting for a range of tracking and recording relationships: 
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‘We have invented the technology of reality mining, which uses sensor data 
to extract subtle patterns that predict future human behavior. By using data 
from mobile phones, electronic ID badges, or digital media to track these 
human behaviours, we can create a “God’s eye” view of how the people 
interact, and even “see” the rhythms of interaction for everyone in a city.’ 
Pentland, 2010 
 
Understandably, the wealth of digital data being captured and stored by states and 
corporations raises concern for the imbalance of power relations and agency between 
these entities and the citizens being ‘tracked’. As such, there are calls for 
transparency and open access to data, in order to redress the imbalance and to afford 
citizen empowerment through the ability to use data ‘in ways that are meaningful and 
beneficial for them’ (Gurstein, 2011). Winner addresses our socio-technological 
relationships when he states, ‘Because technological things so often become central 
features in widely shared arrangements and conditions of life in contemporary 
society, there is an urgent need to think about them in a political light’ (1995, p.67). 
Although the popular vision of our future smart and sentient cities tends not to 
address issues of power relations and citizen agency, e.g. democratic control of 
generated data, it is clear that these issues pertain to our future physical-digital 
artefacts, and our relationships with them. Furthermore, as the intelligence and 
capabilities of our material possessions and the built environment increase, we must 
ask ourselves, ‘What will the uncertain trajectories of future materials and 
technologies mean for how we experience the city?’ Speed (2011) suggests we may 
need to redefine our relationships with the material world, as our memories and 
information about material artefacts will be stored on databases, and therefore 
available to us, and others, even after the physical presence of the object itself. Thus, 
as well as our need to re-imagine our experience of the future city, it appears that the 
ways we conceptualise and engage with the associated ethical, legal, civil and 
political implications will also need to be reconsidered. 
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Networked society 
‘… a new culture is forming, the culture of real virtuality, in which the 
digitized networks of multimodal communication have become so inclusive 
of all cultural expressions and personal experiences that they have made 
virtuality a fundamental dimension of our reality.’ 
Manuel Castells, 2010, iv 
 
The networked society is the one within which Castells posits we are living and 
performing. In this collaboration between virtual and material ‘spaces’ there is a 
growing array of devices, tools and social media available to support multiple 
activities. Indeed, as Farman (2012) argues in his analysis of the practices of 
embodied space in a digital age, we are seeing a cultural shift as computing 
technologies become mobile, and more individuals use personal technologies, 
particularly smart-phones, wearable computing and laptops, as key tools to support 
many aspects of their daily lives. As one walks around urban centres, or travels on 
public transport, there will be an abundance of visibly or invisibly networked people, 
‘tuned to the connections that matter [in] a sense of continual co-presence’ (Turkle, 
2008, p.122). What they are connected to remains largely hidden, but the virtual and 
physical worlds are entwined and embodied nonetheless. As Mitchell explains, 
‘Their bouncing bodies span different domains of existence.’ and goes on to state, 
‘We are all cyborgs now’ (Mitchell, 1996, p.27). 
 
‘…in contemporary network-based societies and cities it could be argued 
that the “poverty of connections” is now as important as traditional poverty 
which comes from the lack of housing, food, water, work and essential 
services.’   
Stephen Graham, 2002, p.53 
 
Paradoxically, others argue that increased urbanisation, and concentration of people 
in post-modern cities, combined with rapidly developing digital infrastructures, is 
producing social inequalities between those with access to digital technologies and 
those without (Aurigi and Graham, 1997; Graham, 2002; Castells, 1996).  This social 
polarisation is the product of multiple complex constituent factors, and most recently 
and clearly reflected in unequal access to sophisticated telecommunications networks 
and services, and digital devices. As some commentators voice concern that access to 
telecommunications infrastructures serves to reinforce the existing advantages of the 
privileged classes, others have noted that access to electronic networks by 
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marginalised groups does not necessarily lead to advantage and empowerment 
(Massey 1993, Jones 1995). However, as Frith posits, ‘people who move through 
hybrid spaces penetrated with digital information have a qualitatively different 
experience of mobility than those who do not’ (2012, p.133). Thus our experiences, 
understanding, and representations of the social places we inhabit are influenced by 
our access to digital technologies. Are we all cyborgs now?  
 
Social space and place 
 
‘The generative source for a materialist interpretation of spatiality is the 
recognition that spatiality is socially produced and, like society itself, exists 
in both substantial forms (concrete spatialities) and as a set of relations 
between individuals and groups, an ‘embodiment, and medium of social life 
itself.’ 
Soja, 1989, p.120 
 
Among myriad interpretations, space can be conceived as an inhabited location that 
is ever ‘in the process of becoming’, where actions serve to structure and organize, 
and a mutually constitutive, productive and relational location (Lefebvre, 1991; de 
Certeau, 1988; Kitchin and Dodge, 2011). The complexity of space is conceived by 
Lefebvre as being conceptually framed by spatial practice, representations of space, 
and representational spaces (1991, p.33), and he states, ‘it is the forces of production 
and the relations of production that produce social space’ (1991, p.210). Echoing 
Soja’s quote above, an alternative interpretation and definition of space is supplied 
by Low and Lawrence-Zuninga who describes social production as the process 
responsible for the material creation of space, and the social construction of space as 
people’s experience of space that give it meaning (2003, p.21). Dourish and Bell 
view space as relational and describe aspects of its cultural meaning as ‘rootedness, 
morality, kinship and responsibility’ (2011, p.83). Knox points to de Certeau, ‘who 
has shown how the meanings inscribed or imposed through the social production of 
space – i.e. through architecture, planning and urban design – can be subverted and 
transformed in people’s everyday or mundane ‘spatial practices’ and ‘tactics’’ (2011, 
p.175). Therefore, whilst the popular vision of our future spaces tends to centre 
around conceptions of smart built environments infused with connected mobile and 
situated technologies, when conceiving of and designing for the future, it is 
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important to reflect upon the routine social and cultural practices of our  
everyday lives. 
 
Dourish (2001) adopts a phenomenological stance when proposing the concept of 
embodied interaction as an approach to position, and design for, meaningful 
experiences with tangible and social computing in real-world settings. The notion of 
embodied interaction is concerned with using the physical and social world as a 
medium for interaction with computation embedded in the everyday environment. As 
such, Dourish argues that the ways in which computation participates as an active 
agent in the world it represents is a critical consideration for systems and interaction 
design (2001, pp.15-20). Farman claims that our new mobile technologies require us 
to be embodied across multiple hybrid spaces, and highlights a need to alter the way 
we frame space and presence in an era of mobility: 
 
‘The stakes related to the ways we conceive of embodied space are 
significant, including the ways we imagine identity, community, and 
cultural objects we create, including art, games, performance and narrative.’ 
Jason Farman, 2012, p.15 
 
It seems that as opportunities for rich, novel and potentially transformative 
encounters with physical-digital objects in hybrid space increases, we must reflect 
upon the incremental affects that each interaction has on our material and digital 
environments, and upon ourselves. Likewise, if each interaction helps to reshape the 
way humans experience and make sense of their hybrid and social worlds, and in 
turn, the experience and presence of non-human actors also shifts, we must pay 
attention to the ways in which the concept of embodiment can help us to make sense 
of these new and emerging relationships.  
 
Conclusion 
From this section I have learned that the city is a highly complex, irregular, hybrid 
and dynamic site. There are multiple and conflicting perspectives in-play, and the 
advancement of ubiquitous computing has brought calls for a fundamental shift in 
the way we think about and conceive of cities. New and future material advancement 
combined with digital technologies will bring about massive relational and 
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experiential changes between people, objects and environments, which in turn raises 
the need for an ongoing focus on ethical, legal and political issues. This section has 
also illustrated that messiness and disruption will likely be a condition of the spatial 
and experiential context of our built environments, and it has highlighted the need to 
reflect upon the mundane social and cultural practices of our everyday lives. 
 
In recent years the concept of ‘assemblage’ has gained currency as a useful 
framework across multiple fields. Described by DeLanda as being ‘wholes whose 
properties emerge from the interactions between parts’, assemblages recognise 
continuously generated webs of relationality and materiality (2006, p.5). Writing on 
the increased and varied uses of the term ‘assemblage’ in geographical scholarship, 
whilst acknowledging the obvious reference points of actor-network theory among 
others (see Latour, 2005; Law and Hassard, 1999; Law, 2004) McFarlane describes 
how the conception of cities as urban assemblages allows us to consider the varied 
associations between multiple elements that generate our cities; suggesting these may 
be human and non-human, organic and inorganic, technical and natural – 
‘assemblage is, then, part of a more general reconstitution of the social that seeks to 
blur divisions of social–material, near–far and structure–agency’ (McFarlane, 2011; 
Anderson and McFarlane, 2011). These composite, generative and emergent 
assemblages are not deterministic, nor are they identical, instead they are dependent 
on multiple factors that influence the performances and interactions played out in 
public space. In order to help re-imagine alternate futures of the city and its future 
physical-digital artefacts, the concept of assemblage is a useful way to frame the 
complexity of cities, and their constituent actors of people, materials, organisations, 
utility infrastructures, coded artefacts and so forth. Hence, from this section I have 
been sensitised to the concept of ‘assemblage’ as a valuable tool to investigate 
physical-digital synthesis in the social world, and shall employ it as a central 
approach in my research. (See Chapter 3, p.75 for an account of assemblage). 
 
From this review of the city and social spaces, together with the contemporary 
concerns of interaction design and other disciplines exploring design for public 
space, I have also been sensitised to the concept of ‘embodiment’ as a multifaceted 
lens through which to explore my research question. How we fundamentally imagine 
 62	  
space and ourselves in an era of physical-digital hybridity was raised in this section, 
as was the potential for people to have radically different experiences and 
conceptions of space depending on their access to personal technologies. In addition, 
the notion of what it means for humans and non-humans to be present, participating 
and acting in space is challenged by the enmeshing of computation with materials. 
The use of embodiment as a central approach, will enable me to take a place-centric 
perspective that focuses attention on spatial practices and behaviours, that Dourish 
(2004) argues will achieve a greater understanding of the interplay between 
technology and social action, as well as consider further representational, 
performative and affective modes of inquiry. (See Chapter 3, p.71 for an account  
of embodiment). 
 
 
2.4.  Chapter conclusion  
This chapter has discussed how the future potential changes brought about by new 
forms of digital technologies and materials might afford new ways to conceptualise, 
experience and design for future urban environments and societies. The near future is 
likely to bring us increased information, greater machine intelligence, autonomous 
systems, pervasive computing and smarter connected wearable technologies. 
Alongside this technical advancement will be a wealth of new materials, including 
those at the nano-scale, as well as familiar materials used in new ways. Using 
different lenses to view the possibilities, creative practitioners and researchers are 
already producing physical-digital artefacts for the public realm which harness and 
explore new types of synthesis and social experiences, e.g. Jeremijenko’s feral 
robotic dogs or the Murmur Wall. Understandably interaction design research and 
practice is, and will continue to be, challenged by these forms of disruption. This 
chapter has revealed that new research approaches, frameworks and methods are 
needed in order to inform our present and future conceptions of interaction design 
research and the design of physical-digital artefacts for the public realm. 
 
Through conducting this contextual survey I have become more aware of the 
evolving multidisciplinary nature of interaction design. The current interest in 
Research through Design and concern with materiality in interaction design and HCI 
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appears to have stimulated the early stage emergence of the crafts community as a 
new collaborator. The general design community uses a repertoire of research 
methods and techniques that are not prescriptive, and the methods and processes 
employed are particular to a specific situational context. However, there is little in 
the canon that concentrates on the approaches, methods and motivations of 
contemporary material-centred designers. Therefore, in order to develop useful 
knowledge and methods that resonate with the intended primary audience for this 
research, i.e. those from material-focused design backgrounds exploring physical-
digital synthesis in public space, it is necessary to undertake a study that concentrates 
on understanding the culture and processes of designer-researchers pursuing 
material-focused work. 
 
Finally, as a result of undertaking this Contextual Review I have identified a set of 
sensitising concepts that emerged from recurrent themes or insights from the 
literature, namely: 
• Materiality; 
• Multisensorality; 
• Embodiment;  
• Assemblage. 
The literature revealed how practitioners and researchers are exploring the potentials 
for multisensorial encounters between people, materials and digital technologies in 
urban space, and how physical–digital synthesis affords new sensorial experiences. It 
also showed how material-centred investigation is on the research agenda of the 
interaction research community as a result of the potential for computation to 
become enmeshed with materials in our social worlds. The section concentrating on 
cities uncovered the concept of embodiment as a multifaceted lens through which to 
explore my research question. Finally, the concept of assemblage can be used as a 
useful tool to frame and interrogate the complexity, actor-networks and dynamism of 
our cities. Thus, I shall use these four sensitising concepts as a key set of approaches 
to conduct my research.  
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CHAPTER 3 - RESEARCH METHODOLOGY  
 
This chapter presents and discusses the research methodology of this thesis. Here I 
describe the approaches that underpin this research as well as the methods for data 
collection employed during this research. Additional information related to the 
research undertaken in each of the constituent studies is described in Chapter 1 
(section 1.5, Scoping Study), Chapter 4 (Multidisciplinary Creative Designers Field 
Study), Chapter 5 (Physical-Digital Artefacts Case Studies) and Chapter 6 (Urban 
Interaction Design Workshop).  
 
The goal of the research was to answer the central question of this thesis, ‘What 
resources for design research can help practitioners and researchers from multiple 
creative design disciplines improve the design of physical-digital artefacts located in 
the public realm?’. To address this question I developed an integrated research 
strategy that employed a practice-oriented approach in order to: 
• reveal the current design and research culture and processes of material-
focused designers from multiple creative design disciplines, whom it is 
anticipated, will be among the future users of the research outputs from  
this thesis; 
• understand the relations between human and non-human actors in the  
urban outdoors; 
• develop resources for design research that contribute to the conceptualisation, 
research and design of physical-digital artefacts for outdoor public spaces. 
 
To achieve these intents, I first took heed of de Certeau’s claim that ‘The ordinary 
practitioners of the city live “down below”, below the thresholds at which visibility 
begins’ (1988, p.93). Thus I developed a research methodology that takes a pavement 
perspective and, therefore, is grounded in the real-world experiences of 
contemporary designer-researchers, and the everyday behaviours of people and 
objects in public space. In order to gain understanding of both, I conducted the 
following studies: 
• a scoping study to inform the methodology by informing the location of the 
investigation and testing inventive creative research methods; 
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• a set of four case studies investigating four separate sites in Bristol, to study 
relationships between people and physical-digital artefacts in the urban social 
setting; 
• a two-phase field study involving a total of 50 participants, conducted over 
two years and employing a community of inquiry approach, followed two 
years later by a testing workshop with 18 participants; 
• a weekend Urban Interaction Design Workshop with 14 practitioner-
researchers in Bristol to test the outputs of the research, i.e. the resources for 
design research that I had created. 
 
The outputs from this research were resources for creative design researchers and 
practitioners addressing the concerns of interaction design related to physical-digital 
synthesis in the urban outdoors. Whilst recognising the wealth of disciplines 
involved in the conception, research, design and manufacture of physical-digital 
artefacts located in public spaces, e.g. urban planners and engineers, for the purposes 
of this thesis, the focus of this research relates to creative designers, and in particular 
those from material-focused disciplines.  
 
 
3.1.  Research strategy 
‘In the 21st century, the linear narratives of research progress are dissolving 
into decentred threadings, less branches off a main root than tide pools by 
the shore.’  
Lunenfeld, 2003, p.14 
 
As Lunenfeld expresses above, with disciplinary boundaries becoming porous, the 
distinction between applied and pure research is less firm. The emergence of new 
constructions of interdisciplinary research exploring socio-material and technological 
relationships brings calls from those in many fields, including interaction design, to 
expand their repertoire of research methods so as to stimulate fresh perspectives and 
critical insight (Feenberg, 1999; Law 2004; Latour, 2005; Deshpande, 2012). 
Speaking of art practice as research Sullivan describes moving ‘… beyond discipline 
boundaries and into areas of inquiry that interact and intersect and require new ways 
to conceptualise forms and structures’ (2005, p.152). From the social sciences, 
Richardson has argued that traditional qualitative methods have been hampered by 
‘acute and chronic passivity’ and, like Pink, she calls for more creative and 
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experiential methods (2000, p.924). Similarly, as illustrated by Wiberg below, the 
interaction design research and HCI communities also desire new methodologies 
which address future studies of physical-digital investigation. 
‘What is also needed here is a … guiding system to address material-
centered interaction design research from an empirical/methodological 
viewpoint.’  
Wiberg, 2014, p.628 
 
In order to attend to the new multidisciplinary formations and to our emerging socio-
material and technological futures, there is an evident desire across multiple 
disciplines for new research approaches and methods that would afford fresh 
orientations and critical perspectives to support the ‘doing’ of research.  
 
To address the call from interaction design research, and associated disciplines, for 
new research approaches and methods to add to their repertoire, this research 
methodology employs, alongside established qualitative methods, inventive creative 
methods that are fluid and emergent. This is because, unlike the reluctance of social 
scientists to embrace novel and experimental methods which was alluded to by 
Richardson and Pink, interaction design research necessarily affords multiple and 
evolving methodologies (Lowgren and Stolterman, 2004). Moreover, according to 
Gaver ‘most designers tend to employ a more eclectic mix of design techniques and 
orienting concepts’, hence the culture of the discipline is open to fresh approaches, 
and therefore it is appropriate for this research to generate new methods for the 
domain (2012, p.943). 
 
Research through Design 
This study was informed by a practice-oriented research approach, with its sensibility 
aligned to Research through Design. It adopted a methodological pluralism that 
integrated familiar qualitative procedures and protocols with creative inquiry 
methods associated with emergence, uncertainty, dynamism and complexity, which 
were drawn from the ‘long-standing and accepted working methods and practices of 
the creative disciplines’ (Haseman and Mafe, 2010, p.212). This research approach 
acknowledged Cross’s (2006) notion of ‘designerly ways of knowing’, and made use 
of research insights revealed through the critical-analytical processes, and 
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unpredictable nature, of experimental and interpretive creative discovery (Sullivan, 
2010). Indeed, as Smith and Dean describe below: 
‘… the unique combination of creative practice and research can sometimes 
result in distinctive methodological approaches, as well as exhilarating 
findings.’  
Smith and Dean, 2012, p.5 
 
Although this thesis does not produce artworks as research outputs and, instead, 
produces processes for research and design, it has a sensitivity towards tangible, 
multisensorial and aesthetic considerations and perspectives. 
 
Research methodology: framework 
‘Research methodologies can be described as a series of stages [that] evolve, 
often mutually affecting each other, and, indeed, do not become finally 
stable until the research is completed.’ 
Griffiths, 2011, p.169 
 
The research strategy afforded emergence, responsiveness and flexibility. It 
anticipated the likelihood that reframing the ‘inquiry-at-hand’ would be necessary, 
and it accepted uncertainty, risk and tangential lines of inquiry as part of the research 
methodology. To provide the degree of rigour and quality necessary for sustained 
creative and critical engagement, this methodological fluidity had at its core a 
connected and robust structure that framed the research. Thus, the research 
framework for this thesis enabled procedural and systematic analysis, interpretation 
and triangulation of data from multiple methods, and it made possible the production 
of evidence in one study to inform the subsequent studies in the research (see Table 
1), as well as enabling each study to provide spaces for ‘unsystematic drifting, 
serendipity, chance inspirations and clues’ to happen (Borgdorff, 2011, p.57).  
 
Foundational to my approach were the four sensitising concepts revealed in the 
previous chapter, namely: embodiment; multisensorality; assemblage and materiality, 
which I used as a ‘set of approaches’ and were applied with varying levels of 
emphasis throughout the studies I undertook. In addition, I maintained an active 
studying of literature from multiple discourses as themes emerged.  
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Table 1. Studies undertaken during this research 
STUDY   
Scoping Study 
(2010) 
Fieldwork  
Phase 1 27 participants 
Phase 2 23 participants 
Multidisciplinary Creative 
Designers: Field Study 
(2010-2013) 
 
Testing workshop (half-day) 18 participants 
Space Signpost 
Pelican Crossing 
Big Screen – Live Site 
Physical-Digital Artefacts: 
Case Studies 
 
(2009-2014) iPlus Points Internet Kiosks 
 
Urban Interaction Design 
Workshop 
(2015) 
Two day workshop 14 participants 
 
As can be seen in Table 1, this research framework for this thesis houses a series of 
studies, some consecutive and others concurrent. The Scoping Study informed the 
location of my investigation, and allowed me to test experimental research methods 
(Chapter 1, section 1.5). Four case studies were conducted at outdoor sites in Bristol 
that offered a range of human interactions with physical-digital artefacts in public 
space. The case studies adopted an emergent and generative research strategy that 
addressed socio-material and technological relationships. Throughout the case 
studies I chose not to privilege the human voice, rather I concentrated on human and 
non-human relational behaviours (Chapter 5). During this time, I also undertook an 
intensive two-year field study with 50 participants, in order to understand the culture 
and processes of material-focused designer-researchers from a range of design 
disciplines, who were representative of the intended audience for my research 
outputs (Chapter 4). As part of this field study, two years later I undertook a half-day 
testing workshop with 18 participants to test its findings. Finally, having developed 
two resources for design research to support the design of future physical-digital 
artefacts for the public realm, which were informed by the previous studies, I 
conducted the Urban Interaction Design Workshop with fourteen participants, so as 
to test the resources and inform the future development of them (Chapter 6). 
Findings from all of the studies enabled me to design, produce and test the research 
outputs from this thesis.  
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The research methodology chosen was rigorous and accountable, and in order to be 
successfully interpreted by others in future studies it aimed to be accessible, 
transparent and transferable. I developed a research methodology that was neither 
prescriptive nor derivative, and I aimed to create a model for procedural and 
systematic inquiry, in which an array of familiar and unconventional methods may be 
employed as needed. When undertaking this type of methodology, an important 
question can be ‘When is enough, enough?’, and the issue of ‘un-finished’ thinking is 
noteworthy. I chose to answer this question by adopting Glaser and Strauss’ notion 
of theoretical saturation where ‘… no additional data are being found whereby the 
[researcher] can develop properties of the category’ (1967, p.65). Indeed, from my 
research methodology I developed an approach that proved to be transferable when 
tested in the Urban Interaction Design Workshop, hence a key finding from this 
research is a transferable method.  
 
 
In this section I have summarised the research strategy by firstly providing an 
account of the call from the interaction design research community, and associated 
disciplines, for new methods and approaches to explore socio-material and 
technological relationships. I then presented a brief summary of the Research 
through Design approach to which this research is aligned. I went on to describe the 
research framework and its relevance. In the next section I shall present an overview 
of the research approaches employed in the investigations. 
 
 
3.2.  Research approaches 
This section provides a brief summary of the case study and action research 
approaches that I employed for this thesis. It then presents the sensitising concepts 
that were generated from the Contextual Review: assemblage; embodiment; 
materiality; multisensorality. A combination of these four concepts was employed as 
a set of approaches which was foundational to the research design of this thesis, and I 
describe in this section.  
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Case study 
A case study approach was employed for the Scoping Study, the four studies of 
physical-digital artefacts in public space and the Urban Interaction Design 
Workshop. The case study approach was appropriate for these small-scale studies as 
the approach spotlights single instances, focuses on an individual research site, and is 
concerned with naturally occurring phenomena (Denscombe, 1998). A criticism of 
the case study is that a reliance on qualitative data and interpretative methods may 
not lead to robust or credible findings (Denscombe, 1998, p.39). However for the 
purposes of this thesis, the methodology I adopted afforded a granular and rigorous 
investigation, and the case study approach enabled me to use multiple Research 
methods to capture data, and subsequently to validate my research evidence through 
triangulation, whereby I used the information from different data sources to ‘build a 
coherent justification for themes’ (Creswell, 2003, p.196). The sites chosen for 
investigation of human encounters with physical-digital artefacts were similar to, or 
the same as, other types of technological objects found elsewhere in UK urban areas. 
This typicality of the chosen sites meant that the generalisations of the research 
findings were credible and allowed the methodology to be transferable. Likewise, 
creative workshops are common research activities familiar to practitioner-
researchers, and, thus the findings from the Urban Interaction Design Workshop case 
study may also be understood as being valid and capable of applying generally 
within the field. Later in this section I shall discuss the research methods employed 
as part of the case studies undertaken in this research. 
 
Action research 
The field study with material-focused designers from multiple creative design 
disciplines adopted an action research approach, as it was a hands-on small-scale 
investigation occurring over two phases. I employed this type of reflection-in-action 
to influence the development of the field study’s activities and processes as well as 
the research methods utilised for data collection, all of which I developed and 
facilitated solely for the purposes of this thesis. As such, I was able to improve the 
methods and processes employed for the second phase, and expand the disciplinary 
range of the sample group (Chapter 4, pp.105-106). The nature of action research 
affords participation in the research itself by the participants, hence the designers 
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were co-researchers alongside me in the field study. My role as creator, facilitator 
and principle researcher in the study had the potential to affect the subjects of the 
investigation, as ‘the interpretive and present inquirer can introduce a range of 
strategic, ethical and personal issues into the research process’ (Creswell, 2003, 
p.184). However, due to the nature and the setting of the activity - where I employed 
a community of inquiry approach to foster a collaborative and open creative and 
critical environment - the familiar disadvantages of conducting action research with 
subjects within their ordinary work place were not forthcoming. 
 
Sensitising concepts as a set of approaches 
1. Embodiment 
‘Each of the senses and differing forms of bodily awareness contributes to 
our understanding of the world.’  
Seaman, 2005, p.14 
 
This thesis approaches embodiment from the central phenomenological tenet of the 
body being the subjective source of experience. As Seaman posits in the above 
quotation, humans are sentient beings, and as such derive knowledge from the body. 
The memories of our motor-sensory experiences help us to learn, and facilitate 
meaningful adaptive behaviour, for instance our ability to navigate a city is based on 
our multi-modal perceptual history of spatio-temporal experiences (Edelman, 1987). 
Dourish has introduced the influential concept of ‘embodied interaction’ to HCI and 
interaction design, which he presents as grounded in skilled and engaged practice and 
describes as ‘the creation, manipulation, and sharing of meaning through engaged 
interaction with artefacts’ (2001, p.126). This embodied knowledge of the world, 
together with situated sensual reflexivity, also underpins the process and experience 
of designing and making with and through materials.  
 
The Pelican Crossing case study is an example of where embodiment became a key 
investigative approach within this research. The process of relational fluidity 
between people’s embodied behaviours, sound, movement and the Pelican Crossing 
was used to illuminate the embodied process of interaction, and what this particular 
technological object was ‘doing in the world’. 
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2. Multisensorality   
Whilst not addressing human relationships with technology in particular, sociologist 
Sarah Pink argues against the apparent primacy of vision as the sense-making sense 
in Western societies (Jenks, 1995), and challenges the notion that ‘vision is the most 
important mode of understanding’ (Atkinson, Delamont and Housely, 2008, p.180). 
Instead she adopts a phenomenological stance that is faithful to gathering 
experiential evidence of the world as directly perceived, Pink stresses the 
interconnectedness of the senses and offers multisensorality as a research approach. 
She argues that to actively engage in sensory ethnography means ‘thinking 
ethnographically about the senses from the starting point of the self-reflexive and 
experiencing body.’ Pink argues that ‘place and our relationship to it cannot be 
understood without attention to precisely how we learn through, know and move in 
material and sensory environments’ (2007, p.33). This form of embodied personal 
experience and interpretation has significant parallels with art and design research 
and practice, e.g. attention to the senses and visual fieldwork being used as methods 
for creative inquiry. Writing about non-assumptive design research, Deasy contends 
that the language of design is predominantly visual, and claims that a reliance on 
verbal or written information is unwise, and that other forms of data gathering are 
necessary (Deasy, 2003). This study adopts a multisensory sensitivity to site 
investigations, as well as to the embodied practice of creative and critical  
design inquiry. 
 
The Big Screen - Live Site case study is an example of how I concentrated on the 
aural sense so as to generate fresh perspectives and insights regarding socio-spatial 
configurations of the built environment. I undertook a series of three thick 
descriptions of the site to describe what I heard as well as saw, and then analysed and 
interpreted the field notes alongside other data collected, to generate evidence and 
themes for discussion (Chapter 5). 
 
3. Materiality 
‘At another seashore between the land of atoms and the sea of bits, we are 
now facing the challenge of reconciling our dual citizenships in the physical 
and digital worlds.’ 
Ishii, 2009, p.142 
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As we have seen, across disciplinary communities, including interaction design 
research, there is growing interest in the material conditions of social and cultural 
life, e.g. ‘the new materialism’, ‘the material turn’, or ‘third wave HCI’. In order to 
achieve the potential conceptual and practical opportunities that physical-digital 
synthesis affords interaction design research, it is necessary for researchers and 
practitioners to understand deeply the digital materials (software, electronics and 
telecommunications) and physical materials with which they work, through 
expansive engagement with material culture (Wiberg, 2014; Gross, Bardzell and 
Bardzell, 2013; Jung and Stolterman, 2012). Antonelli describes succinctly the 
importance of making with materials when stating ‘Experimentation, be it high- or 
low-tech, requires a hands-on approach’ (1998, p.13). Thomas claims that ‘Material 
culture represents at once ideas that have been made material, and natural substance 
that has been rendered cultural’ (2007, p.15), and Barad (2003) presents matter not as 
neutral nor a passive site, but as an ongoing part of history. Ingold provides a more 
distinct definition of materiality, one as the physical raw material substance, and the 
other being the ‘designed’ cultural object that has meanings projected on to it (2012, 
p.432). Materials and materiality are at the heart of this research, employed as a key 
approach to address the challenge of how we might improve our future experiences 
of being citizens in the physical and digital worlds, of which Ishii speaks. 
 
For the purposes of this research it would be useful to explore further materials - 
which can be approached through attention to attributes and characteristics – and 
materiality, which can be viewed from a multitude of diverse everyday or 
philosophical perspectives. Material attributes can be presented using different 
classifications dependent on the field of discourse. For instance, within industrial 
design Ashby and Johnson (2002) offer four dimensions of materials information: 
engineering (technical attributes), use (ergonomics and product interface attributes), 
environment (resource attributes) and perceptions (aesthetic and expressive 
attributes). Karana, Hekkert and Kandachar (2008) offer ‘sensorial properties’ and 
‘intangible characteristics’ as two categories of material attributes relating to product 
design, and according to Ashby and Johnson (2002), Cardwell et al. offer a 
significantly different system when they suggest ‘unfamiliar’, ‘familiar’, ‘unknown’ 
and ‘unknowable’ as categories of material properties for architects.  
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When framing ‘materiality’ from a socio-cultural perspective, myriad lenses may be 
employed, e.g.: encompassing the material expression of ideologies and relations of 
power; the connectiveness of social and material relations and entities; how people 
and things make one another; considerations about the relationship between 
materiality and immateriality, or the physicality and ‘digitality’ of the objects 
themselves (see Miller, 1998; Sorenson, 2007; Latour, 2005; Jung and Stolterman, 
2012). Walker argues that people, ‘experience the tangible in ways replete with 
layered associations to the natural environment, culture and timeless notions of 
human meaning’ (2012, p.367). Thus, when investigating materials and materiality in 
relation to this research, it is important to be cognisant of the different meanings 
ascribed to the terms, and ensure an expansive interpretation and engagement. 
 
The Scoping Study (Chapter 1, section 1.5) illustrates how materiality was used in 
this research. It describes my photographic documentation of street level surfaces 
and describes how I analysed and interpreted them, e.g. Fig. 4.  
 
	  
Figure 4. Cobble stone street with a surface layer of paint marks, London, April 2010  
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4. Assemblage 
‘The networks of these moving, intersecting writings compose a manifold 
story that has neither author nor spectator, shaped out of fragments of 
trajectories and alterations of spaces: in relation to representations, it 
remains daily and indefinitely other.’ 
de Certeau, 1998, p.93 
 
Assemblages are dynamic, multi-constituent and contingent, ‘whose properties 
emerge from the interactions between parts’, and allow for human and non-human 
actors to have agency (DeLanda, 2006, p.5). As discussed in Chapter 2, the 
Contextual Review, assemblage is central to the development of actor-network 
theory (ANT) which Law (2004) describes as a tool-box for use, rather than a theory 
in itself. He calls for heterogeneity and variation in research methods and states that 
‘we will need to unmake our desire for certainty, and desire and expectation for 
security’ (Law, 2004, p.9). For the purposes of this research, assemblage is a useful 
device for exploring the multiple heterogeneous and dynamic human and non-human 
actors that produce precarious and fleeting networks. It affords a levelling ‘big 
picture’ perspective, which runs alongside other research methods and inquiries 
undertaken that by their nature and purpose, are deeply personal and subjective. 
 
During this research the assemblage approach was particularly valuable when 
conducting the iPlus Points case study, where I used it as a frame to understand the 
socio-economic and political actors that provided the context for the commission and 
placement of the web kiosks in central Bristol. 
 
 
3.3.  Research methods 
‘The erratic nature of creative discovery – of which unsystematic drifting, 
serendipity, chance inspirations and clues form an integral part – is such that 
a methodological justification is not easy to codify.’ 
Henk Borgdorff,  2011, p.57 
 
In this section I provide a summary of the research methods I used for each study. I 
start with the Scoping Study and then feature the four physical-digital artefact case 
studies, followed by the multidisciplinary creative designers field study and, finally, 
the Urban Interaction Design Workshop (UIDW). Additional detail on specific 
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studies can be found elsewhere in this thesis, e.g. the sample of relevant participants 
for the UIDW is explained in Chapter 6, and the sample of participants for the 
multidisciplinary designers field study is described in Chapter 4.  
 
Position of ‘self’ in research 
Through adopting processes and sensibilities from the familiar practice-led research 
approach my position as the researcher throughout has been that of an active actor; 
creating an ongoing dialogue with the research question, the methods, the field of 
investigation and the data (Candy and Edmonds, 2010). Whilst this can at times be 
unsettling for a researcher, an open, adventurous and critically responsive and 
reflexive approach is part of an engaged process of inquiry (Pink, 2007; Sullivan, 
2010). When discussing the cultural probes research method, Boehner, Gaver and 
Boucher applaud ‘embracing provisional understanding, subjective engagement, 
particularity and ambiguity’ in the process of research (2012, p.200). At this point 
one should be mindful of the complex identity issues and critical perspectives that 
may be in-play when the role of the researcher is also that of a creative practitioner, 
as this may influence the direction of study (Griffiths, 2011, p.177). In turn, when 
taking the role of the researcher investigating human subjects, the researcher must be 
aware of the potential affects on the subjects themselves. 
 
Scoping study 
The Scoping Study has already been discussed in Chapter 1, where a summary of the 
concerns it was addressing, the findings and conclusions were presented. For the 
intents of this current chapter, Research Methodology, it may be useful to remind 
ourselves of the integral part that the Scoping Study played in this thesis. I chose to 
explore an approach that enabled me to study literature and material surfaces as a 
synchronous and relational generative method of investigation. This interweaving of 
text and material as a creative research method was successful, and I developed it 
throughout my research. The Scoping Study also addressed the location of the 
territory, a conclusion of which was to select sites for observation that afford a wide 
variation of object types and object interactions, and are representative of  
the variation.  
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Physical-digital artefacts: case studies 
Selection of objects of study 
The decision of which objects to study was influenced by a number of factors. 
Firstly, the research was assuming ubiquity and pervasive ‘smart’ computing in the 
future urban environment, and I was committed to pursuing research outcomes of 
benefit to all citizens inhabiting these future cities. Hence the selection of objects 
needed to be available to anyone at any time. Secondly, so as to produce a wealth of 
relevant evidence and generalisable findings, it was necessary to choose sample sites 
that were typical of others in the UK. Thirdly, when considering future everyday 
socio-material and technological relationships, the sample group needed to afford a 
wide variety of relational behaviours between people, familiar physical-digital 
artefacts and the setting. Finally, as this research was happening across five years in 
Bristol, and I was not often located at the sites of study, it was essential that the 
physical-digital objects were likely to be present for the duration of  
the four observations.  
 
Bearing in mind the factors that influenced the choice of objects for study with a 
view to obtaining adequately different variants, their selection was considered 
carefully as each site performed a vital element of the research. Happenstance and 
serendipity played no part in the initial construction of these sites for observation. 
The process of observation necessitated common characteristics across  
the case studies: 
• physical persistence of the objects to ensure robustness in research 
methodology, and to enable the flexibility of approach necessary for a 
creative and emergent process of inquiry;  
• whilst not all objects were anchored to the street, people encountered them 
from the ground;  
• focus on mundane locations, whereby the physical-digital artefacts were part 
of the everyday outside urban setting;  
• opportunity to observe myriad configurations of encounter between people, 
things and places; 
• the objects were all designed to be either communicative and/or mediating; 
• each site facilitated the observation of behaviours through situated practice, 
i.e. embodied encounters between human and non-human actors.  
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Collectively these objects represented sites of everyday types of encounters in 
outdoor public space, which are less addressed than sites of temporary and novel 
artistic intervention. 
 
Prior to undertaking the case study investigations, the actual objects and structure of 
the research were settled. For the objectives of the case studies, Bristol’s outdoor 
public realm was framed as a creative site and a laboratory. All but one of the objects 
could be found in other cities across England, ensuring that this creative laboratory 
was not an isolated occurrence, and was representative of urban settings across the 
nation. A brief description of the four objects follows: 
• Space Signpost  A unique physical-digital artefact that was designed with the 
relationship between the physical object, digital technologies, humans and 
setting in mind. It was intended to perform an educational role in outdoor 
urban space, and has been fixed to its site for over a decade. It is a type of 
information display, and representative of a range of individual interactive 
fixed artefacts located across the UK, e.g. Tuckton Talking Bench. 
• Pelican Crossing  A generic and familiar object that is ubiquitous across the 
country. It performs a functional information giving role, and is often part of 
a wider interactive digital system. It is also one type of a range of pedestrian 
crossings located in Bristol city centre. 
• Big Screen - Live-Site  One of 22 large screens installed in city centres 
across the country in the past decade. The Big Screen in Bristol is intended to 
perform both an informing and entertaining role. Some of the screens have 
interactive functionality, e.g. Edinburgh and Plymouth. 
• iPlus Points  At the time of the observations many town and city centres in 
the UK house web-kiosks. The connected kiosks in Bristol offered an 
opportunity to study the socio-political and economic networks that enable 
the commissioning of physical-digital objects in particular locations.  
 
The research ethics dimensions of the University of the West of England and the 
BERA Ethical Guidelines were adhered to throughout these four case studies. 
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Figure 5. Space Signpost and Big Screen-Live Site, Millennium Square, Bristol, July 2012 
 
Qualitative research methods for data collection 
The research methodology adopted was primarily a qualitative multiple-methods 
approach, although on two occasions mixed-methods were employed. Familiar 
methods were interspersed with creative inventive methods, and direct observation 
and personal creative engagement were the principal modes of investigation. The 
selection of objects was determined prior to the start of the research, however, the 
methods employed and the questions or themes that each case study sought to 
address, were influenced by the findings from the prior case studies. Careful 
consideration of the research questions addressed in each case study determined the 
appropriate methods used, thus the choice of methods was emergent rather than 
predetermined. Upon occasion I pursued a practice-led method as a means of 
reflection or to explore the insights I had gained through the act of making or 
creation, e.g. writing a poem or stitching pieces of fabric. Throughout, the literature 
also influenced the sense-making of the research, and helped to actively shape the 
unfolding direction of the study. Data was collected through multiple sources, and 
analysed throughout the research process. This conscious methodological plasticity 
afforded new ways to gather and interpret the evidence, and it provided a sense of 
vitality to the process of inquiry.  
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As noted in the Contextual Review there is an established range of user-centred 
research methods employed by the interaction design research community that seek 
to uncover the intents and meaning derived from people’s interactions with 
technological objects, many of which emphasise the direct and active participation of 
the users in the research process. However, for the purposes of these case studies I 
employed the concept of an assemblage of equal actors in a network, derived from 
ANT, which intentionally placed the people, materials and technologies in a level 
relationship. Therefore user-centred methods, e.g. focus groups and interviews, were 
not employed as the human voice was not privileged when exploring the 
relationships between people, physical-digital artefacts and the urban setting.  
 
Table 2. Data collection methods employed for physical-digital artefacts case studies 
Method Space 
Signpost 
Pelican 
Crossing 
Big Screen – 
Live Site  
iPlus Points 
Thick 
description 
Yes No Yes No 
Field notes Yes Yes Yes Yes 
Interviews Yes No No Yes 
Photography Yes Yes Yes Yes 
Video 
recording 
No Yes No No 
Audio 
recording 
No Yes No No 
Creative 
processes 
Yes Yes Yes Yes 
Desk based 
research 
Yes Yes Yes Yes 
Number of 
observations 
3 3 3 2 
 
 
Observation as method 
‘The exploration of embodied interaction reveals to us conditions otherwise 
often taken for granted, yet to study them is not to state the obvious.’ 
McCullough, 2004, p.27 
 
The observation methods were employed in the natural settings of the four sites, 
none of which I disturbed as part of my investigation. Observing human behaviours 
in real-life public situations is an established undertaking for studies concerned with 
overt behaviours and measurable actions, as opposed to studies which seek to 
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discover the meanings behind human actions. Examples of familiar types of 
observation method are: ‘systematic observation’; ‘participant observation’; 
‘performance ethnography’, a cognitive and emotional technique, a form of drama 
improvisation where the researcher ‘embodies’ the behaviours and emotions of 
others in situated contexts; observational movies are produced to create a perspective 
that relates to our bodily experience of the city, and reveals as it builds a picture that 
may otherwise be too fleeting to register; and the act of sketching is a situated 
practice that helps a researcher develop situated awareness. However, it could also be 
argued that the voices of people were gathered through written documentation and 
thick description during the site observations, e.g.: 
Two women chat looking at each other and not paying attention to the screen. ‘Game 
Federer’ “Ah nice and cold as well.” “I had to search my bag in front of my friend, 
how unreasonable, my boyfriend made me search my bag…”  “I need to search your 
bag.” Couples where one person is rapt in tennis and the other in yoghurt. 
Excerpt from field notes: Big Screen – Live Site: case study: 8 July 2012 
 
At this point, it is worth remembering that within this thesis, the human voice of 
creative practitioner-researchers is fundamental to the field study exploring the 
design culture and processes of multidisciplinary creative designers, and also to the 
Urban Interaction Design Workshop. 
 
Sample of methods 
Table 2 contains the methods used during the physical-digital artefacts case studies. 
It is beyond the scope of this chapter to give an exhaustive description of the ways in 
which the methods were used throughout these studies. Thus, below I have provided 
a sample of the methods that is representative of those that are at the heart of my 
research. For the intents of this section, I shall summarise the following key methods 
in relation to one instance of their operation in a physical-digital artefact case study, 
in order to demonstrate the nature of my mixed-methods approach: 
1. Observation: field notes - Pelican Crossing; 
2. Observation: written documentation - Big Screen – Live Site;  
3. Creative processes: iPlus Points; 
4. Desk based research: Space Signpost. 
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1. Observation: field notes - Pelican Crossing 
The two observations of the Pelican Crossing took place at 12:00-13:00, and 15:00-
16:00 on 29 October 2010, with an even sample size distribution. Data collection was 
undertaken by video recordings and field notes. For both observations I stood 15ft 
from the object and used a static Flip-camera, its fixed lens was placed so that 
framing allowed pedestrians on both sides of the road to be seen, along with the 
push-button boxes, and signage. I changed the camera’s position at one point to gain 
a wider framing to observe the cars. Although I addressed research ethics practices 
by displaying a notice describing my actions, the naturalness of the setting was 
retained as my position was unobtrusive and thus I did not disrupt any events. Yet, I 
was able to view the whole area of action. The decision about which items to include 
in the schedule came from a desire to research the interactions between people, 
artefacts and digital information in a public setting, and the practical consideration of 
the speed and accuracy within which I was able to record the data. Here, interacting 
is defined as people who crossed the road, not just those who directly touched the 
interface. The research approach was appropriate for collecting the data and suitable 
for addressing the issues, as it concentrated upon collecting information about: 
• frequency of events 
• sequence of events 
• different overt user behaviours 
• triggers and action points 
• timing of events. 
 
I documented the interactions between human and non-human actors when crossing 
the road in two ways, as field notes and by analysing the video recordings and 
inserting the data into a matrix. As illustrated by the excerpt from my field notes 
below, and Table 3, the observations focused on overt behaviours that were easy to 
record accurately, such as physical human movement when interacting with the 
artefact and digital information: 
Man 11 waits on the T-side for at least 10 seconds without activating the button.  
Woman 12 on CG-side arrives and pushes button to start sequence as WAIT text 
illuminates. Man 11 looks at his mobile phone screen.  As the green pictogram 
illuminates, both Man 11 and Woman 12 walk across the road.  Man 11 looks toward 
the far side traffic as he walks, and then puts the phone to his ear. 
Excerpt from field notes, Pelican Crossing observation, 29 October 2010 
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Table 3. Pelican Crossing observation: Users F, G, H, and I, 29 October 2010 
User action Description Pictogram Traffic lights 
  Red man Green 
   Amber 3” 
   Red 
  Green Red 
User F presses 
button 
WAIT text illuminates, and User F stands 
near T-side box and looks up the road. 
Pronounced head moves. 
Green flashing Amber 
flashing 
User G presses 
button 
Presses CG-side button determindly, 
keeps pressed for 1”.  Looks at traffic. 
Red  Amber 
flashing 
User F  
 
 
 
User G initiates 
crossing 
Initiates crossing as car travels across on 
the other side – User F runs across, veers 
left and moves out of pedestrian marks. 
 
Looks left and right from curbside.  Starts 
crossing as User F is ½ way across.  
Red Green 
User H Walks out of Tesco whilst green light on 
and beep audible.  Looks to nearside 
stationary cars and tips hand to them – as 
‘thanks’ or ‘recognition’ as he initiates 
walk on empty crossing. 
Green Red 
User G 
 
User H 
 
 
User I 
Completes crossing. 
 
Completes crossing. Cuts off path  
diagonally in line of onward journey. 
 
Presses button CG-side and waits at curb 
as he touches/reads mobile phone screen. 
Green flashing Amber 
flashing 
  Red  Amber 
flashing 
 
 
2. Field observation: written documentation - Big Screen – Live Site  
Having initially used Geertz’s ‘thick description’ method when documenting the 
Space Signpost and found it useful for gathering, reviewing and interpreting data, I 
employed the technique again for all three Big Screen site observations. In doing so 
it enabled me to intensely document moment-to-moment activities, succinctly 
describe an action, offer immediate interpretations or analysis, and document 
different types of sounds as they occurred. This method afforded me the opportunity 
to be ‘in the moment’ and through concentrating on, or ‘tuning into’ my embodied, 
sensorial and emotional engagement with the site, I experienced a heightened 
awareness of the setting. Through my attention to the soundscape I was pursuing a 
form of sensory ethnography and sensory knowing. The capture of auditory 
knowledge through writing allowed me to engage analytically at the time, and 
reflexively with elements of the sociality of the sites. After the field studies, when 
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analysing the research material and evidence gathered, due to my embodied 
interaction with the environment, I was ‘intentionally pulling together theory, 
experiential knowing, discourses, and more, into a unique configuration of 
trajectories’ (Pink, 2007, p.42). 
 
3. Creative processes: iPlus Points 
Both of the creative methods described below developed from methods I had 
employed previously in the research. Specifically, the creative writing method 
evolved from the earlier method of writing poems from the point of view of the 
Space Signpost and Pelican Crossing (Appendices, pp.313-315). The deeper 
engagement with thinking through materials was inspired by my exploration of 
materiality as a research method during the Scoping Study, as well as the field study 
with multidisciplinary creative designers. As with Research through Design 
approaches, these creative processes are experimental, and they complement the 
familiar methods described above.  
 
3.a. Creative writing: iPlus Points 
Once I felt sufficiently ‘saturated’ with information regarding my study of the iPlus 
Point web kiosks, I authored a creative work as the voice of the web kiosk (see 
Appendices, pp.315-316). Creative writing as a research method was undertaken 
successfully in two prior case studies. On this occasion I chose to write a testimony, 
as if the kiosk was being formally interviewed after being unceremoniously uprooted 
and removed from the street. This creative writing was a method of research and not 
a final output. It was a valuable tool to help collate a set of thoughts into one 
location, dramatising the issues. Creative writing also offered a point of view to 
probe later when analysing and evaluating the evidence. In addition, it provided a 
different way of representing and experiencing the iPlus Points through text, now 
that the object is once again physically absent. Yet, at the same time, on this last 
point, it gave a continuity of representational systems of language to signify this 
physical-digital artefact which was removed during the research. 
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3.b. Deconstructing and re-constructing fabric: sketching with material: iPlus Points 
I chose to explore how a physical process might both materialise my reflections, and 
through the act of material manipulation, provide me with fluid and conceptual 
readings of and through the fabric. Thus, through this form of ‘sketching with 
material’, I used the physicality of the fabric to trigger, or suggest, theoretical 
positions which I would further explore. As the alteration and destruction of the 
fabric took place, at the same time a dynamic layering of interwoven metaphors was 
constructed. Hence, I developed a productive relationship between theory and 
materiality, whereby material embodied theory. 
 
	  
Figure 6. Fabric with multiple threads having been pulled from warp and weft, July 2013 
 
The method of removing threads from a white piece of muslin fabric enabled me to 
use material as a form of sketchbook (Fig. 6), thus allowing creative and critical 
engagement with materials to explore my research subject. As I worked, the material 
was constantly moving and changing in my hands. My embodied relationship with 
the fabric in my hand, allowed me to think with and through the materials. I was 
reminded of concepts or theories I had read, and as such would reacquaint myself 
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with them once my manipulation of the fabric had finished. Alternatively, the act of 
working with the material enabled me to question relationships between the structure 
of the fabric and those of networked infrastructure, or to find new questions 
concerned with the approaches I was exploring, such as absence, presence and 
obsolescence. This method of inquiry led me to note a series of words that resonated 
with the idea of removal, and that would later enable me to interrogate the iPlus 
Points further: dispersal, gaps, obsolescence, absence, reveal, presence, opacity, 
transparency, scars, erasure, ghosts, slippage, material decay, liquid, rupture, 
decomposing system, slippage of system, design for slippage, flux, upgrade culture. 
The process of documenting the fabric using photography, having handled and 
altered its construction and form was a further mode of productive critical inquiry 
and creative engagement that led to the production of research evidence.  
 
4. Desk based research: Space Signpost 
Throughout my research I stayed abreast of current issues related to the study, much 
of which is discussed in the Contextual Review. For the purposes of the Space 
Signpost case study, social media and related websites proved to be valuable sources 
of information which generated insightful findings (Chapter 5, pp.147-152). Two 
examples of the Space Signpost represented online follow: 
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Figure 7. Space Signpost image, Pip (2009) 
 
Pip  still loving this! 
Pip  100 months ago  do you want to try that url again? yes, this thing is wicked. 
everytime I go past I spend a good couple of minutes playing with it. it baffles me 
that no-one ever seems to be on it. When I use it, people stop and watch it!    
Pip, 2009 
 
	  
Figure 8. Geolocated image (Google Maps) of Space Signpost accessed through Flickr.com, 2015 
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Approaches to data analysis, interpretation and verification 
Data collection and analysis was a generative simultaneous process, and was 
necessarily on-going through the research. The data was collected through multiple 
sources as described above. I started by organising and preparing the data e.g. 
transcribing my field notes and interview and then conducted an initial reading of all 
the data. From there I coded the data, using a large number of categories initially. 
The process was iterative and cyclical, and the themes and concepts that emerged 
were noted in my sketchbook. The creative processes that were undertaken during 
each of the individual studies were generative and produced evidence to progress the 
direction of study or revealed new questions or themes. The multiple methods 
approach of data collection afforded verification through triangulation of the data and 
validated the accuracy of the findings. Chapter 5 discusses further the research 
analysis of each study and the analysis strategy I employed to develop the two 
resources for design research as research outputs.  
 
	  
Figure 9. Case studies: Data coding at the Pervasive Media Studio, Bristol, May 2014 
 
 
Multidisciplinary creative designers field study and Urban Interaction Design 
Workshop  
A two-phase field study with a range of creative designers was undertaken as part of 
this research. It was intended to reveal the current design and research culture and 
processes of material-focused designers from multiple creative design disciplines, 
whom it is anticipated, will be among the future users of the research outputs from 
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this thesis. Entitled ‘Design Explorations’, the multidisciplinary creative designers 
field study commenced on 3 February 2010 and was conducted over a period of two 
years at Central Saint Martins (CSM) in London. Two years later a half-day 
workshop was held to validate the findings. The Urban Interaction Design Workshop 
was undertaken on 23-24 January 2015 at the Digital Cultures Research Centre in 
Bristol. It tested the research outputs from this thesis with a group of 14 practitioner-
researchers from multiple creative disciplines. The multidisciplinary creative 
designers field study and Urban Interaction Design Workshop both adopted familiar 
qualitative methods, as illustrated in Table 4 below. The research ethics dimensions 
of the University of the West of England and the BERA Ethical Guidelines were 
adhered to throughout these studies.  
 
Table 4. Data collection methods for multidisciplinary creative designers field study and UIDW 
 Multidisciplinary creative 
designers field study and 
half-day testing workshop 
Urban Interaction 
Design Workshop 
Presentation transcriptions Yes Yes 
Semi-structured 
interviews 
Yes Yes 
Online learning 
environment 
Yes No 
Questionnaire Yes Yes 
Design-research matrix No Yes 
Process-maps Yes No 
Audio-recording Yes Yes 
Assessment forms Yes No 
Photography Yes  Yes 
Participant application 
form 
No Yes 
Observation: field notes Yes Yes 
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‘Design Explorations’: multidisciplinary creative designers field study 
In order to address the central research question of this thesis it was important to 
understand the practices and processes employed by the expected future users of the 
research outputs from this thesis, namely creative designers from a range of material-
centred design disciplines. Hence in order to gain a deep sense of contemporary 
material-focused design research culture and processes, the sample group of 
participants were all graduating students from a range of material-centred courses at 
Central Saint Martins (CSM). In the first year, phase one, 27 students worked in 
three themed groups in order to explore, in a community of inquiry, their individual 
design projects and that of their cohort. To complete the ‘Design Explorations’ field 
study, they presented their work in an exhibition and talk at the V&A Museum. The 
entire activity, except for a few changes as a result of the action research approach, 
was repeated by a separate group of 23 students the following year - phase two. 
Finally, in 2013 a half-day testing workshop was undertaken with a group of final 
year postgraduate students to determine the relevance and validity of the findings 
from this field study. The research methodology is discussed in detail, and the 
findings are presented, in Chapter 4. 
 
At CSM there are a wealth of insights, critical questions and creative future scenarios 
generated by the student cohort every year. The exploration of current and possible 
socio-technological trends, as well as social and cultural values, are at the heart of 
many students’ research questions. For instance, craft methods and techniques are 
being used to investigate and communicate present and future ethical questions in a 
variety of areas such as nanotechnology, augmented reality and digital surveillance. 
In this way they are inhabiting what Adamson refers to as ‘a post-disciplinary 
practice’, and explains that ‘practitioners are exploring problematics of craft through 
increasingly diverse means’ (2007, p.6).  
 
The research methods and tools likely to be necessary were identified from a range 
of established qualitative methods, and where suitable research tools were not 
available they were created, e.g. an online learning environment. For the field study, 
conducted with CSM students, the following methods were used: 
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• Face-to-face sessions 
• Online learning environment 
• Self-assessment form 
• Process maps 
• Questionnaire  
• Semi-structured group interview     
• Testing workshop (half-day). 
 
Face-to-face sessions 
The first session included five-minute presentations – one student from each course - 
about their work, followed by questions and answers. The second session 
concentrated on each themed group presenting the connections between their 
individual work, and an overview of the online learning site. The third session 
focussed on individual design and research processes, with each participant 
presenting their ‘process map’ in the second phase. Following this was a discussion 
about the forthcoming evenings at the V&A, and guidance on what the students 
needed to do in order to manage the events. At this point students submitted a printed 
self-assessment form that responded to the themes of the activity. The final three 
sessions concentrated on the organisation of the event, the presentation messages and 
structure, curation of the exhibition, and general communication techniques.  
 
Online learning environment 
Participants were able to communicate with each other and with me using a freeware 
social media ‘closed’ online environment (Fig. 10). In order to familiarise themselves 
with using the online tools, and to learn about each other’s work, the students were 
asked to publish on their ‘profile page’: a photograph and brief summary of 
themselves, and a 100-word overview of their project with at least one representative 
image. Throughout the research period the students used this informal online 
environment in various ways, e.g. to discuss projects, to share feedback concerning 
presentations, and to arrange their exhibition at the V&A. Events were featured on 
the main page of the online environment, and students could access information 
through audio or video files on the site. The site allowed me to collect data that was 
produced by the field study participants in a more informal setting, and thus revealed 
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to me further the ways in which materials-focused designer-researchers were actively 
reflecting upon the development of their projects during the  
design research process. 
 
	  
Figure 10. Online learning environment for ‘Design Explorations’, phase 2, March 2011 
 
Self-assessment form  
Participants completed self-assessment forms midway through and at the end of each 
Design Explorations phase. The activity was intended to enable individual reflection-
on-action and to provide me with a source of evidence related to their design and 
research processes. The form was written in the style of the academic learning 
outcomes with which the students were familiar, so as to support their learning. 
 
Process maps  
All first phase participants were asked to reflect upon their creative design processes, 
and the data regarding practice-oriented research and situated reflexivity were 
gathered and transcribed. Interpretive process maps were created by me. For the 
second phase of ‘Design Explorations’, emphasis was placed upon the creation of 
individual process maps, with additional time scheduled for group discussion about 
how participants stimulate their individual actions, creative methods and judgments. 
Some students chose to undertake the task as a group activity, thus employing the 
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same set categories and schema, whereas others selected an individual approach. 
Each participant presented their process maps to the group, the maps were gathered 
and collated for analysis, and the presentations were recorded. 
 
Questionnaire  
Participants completed the questionnaire four weeks after their V&A presentations. 
The questionnaire asked them to reflect upon the research project itself, their 
learning, and their experience of the online learning environment. It was designed to 
test the participants’ attitude to adopting new research methods and design 
approaches from beyond their discipline or regular setting. It was also structured to 
gather data pertaining to participants’ attitudes to multidisciplinary design discourse 
and engagement. The information would help to inform the development of the 
research outputs by indicating the willingness of material-focused designer-
researchers to expand their creative processes and disciplinary purview and the value 
they place on doing so. The information collected would also inform the format of 
the subsequent Urban Interaction Design Workshop in Bristol.   
 
Semi-structured group interview     
Having gathered and analysed the evidence from the first phase of the Design 
Explorations study, it became apparent that the theme of ‘hybridity’ was coming 
through in relation to participants’ practice, their identities and the evolution of their 
disciplines. In order to pursue this line of inquiry, and validate the findings, after the 
second phase of the Design Explorations study was complete, ten participants from 
the second phase took part in a 1.5 hour semi-structured group interview that focused 
on the theme of hybridity.  
 
Testing workshop (half-day) 
In order to enhance the validity and credibility of the data and ensure that the 
research methodology was as rigorous as possible, the findings from the field study 
were subsequently interrogated in a half-day workshop held at the V&A in June 
2013. 18 final year postgraduate design students from CSM took part, all of whom 
studied on the same courses that participated in phase two of the field study, but had 
not participated in the field study itself. Thus the half-day workshop tested the 
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generalisability and reliability of the findings. The participants were presented with a 
series of findings and asked to discuss and test them in relation to their own design 
research and practice. The sample group was also asked to produce and discuss 
process maps that reflected their own design research processes, using a schematic 
outline that I supplied. I facilitated the activity and took notes, and the session was  
audio recorded.  
 
Approaches to data analysis, interpretation and verification 
By employing multiple research methods in the small-scale field study at CSM, 
different sorts of information on the same topic were produced which provided a 
valuable range of perspectives, as well as enabling findings to be corroborated and 
enhancing the validity of the evidence. For example, the methods such as the 
questionnaire and self-assessment forms elicited individual critical responses to the 
students’ perception of their own learning and experience, whereas the online data 
emphasised the students’ relationship with their practice and that of their peers in an 
informal way. A research consent form was obtained from each of the participants, 
and ethical standards were adhered to at all times. The procedures chosen were 
suitable for the collection and storage of the necessary data, and feasible in terms of 
the resources and time available. The data was coded and categorised in terms of 
their properties, and when themes and interconnections emerged it was further 
interpreted and mapped. When revisiting the transcripts additional themes and 
interconnections were identified and coded. The approach to categorisation was 
therefore iterative. From analysis of the qualitative data a set of generalisations was 
developed, which were discussed and tested in a workshop with a third group of final 
year postgraduate design students in order to check their validity. Whilst a multi-
methods approach provides valuable raw data, one recognised weakness of this 
approach can be the resultant large volume of data that may need to be interpreted, 
and therefore some potentially interesting findings may be missed. 
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Urban Interaction Design Workshop 
This workshop was undertaken on 23-24 January 2015 with a group of 
multidisciplinary practitioner-researchers interested in exploring physical-digital 
synthesis in public space. It tested the value and relevance of the resourced for design 
research generated from my research (Approaches Framework and the Conceptual 
Materials for Design Research). The multiple methods employed in the workshop are 
illustrated in Table 4. All of the methods selected were appropriate for the scale of 
the study as they afforded a wealth of relevant evidence, were affordable, and 
practical to achieve. Here, I shall attend to three specific methods that produced the 
majority of significant evidence: design research matrix; a questionnaire; semi-
structured interviews. See Chapter 6 for a full account of this study. 
 
Design research matrix  
In order to support participant ‘reflection-in-action’ (Schon, 1984) and experiential 
learning, I produced a design research matrix (Fig. 11) for participants to complete as 
they undertook the activities in the workshop. The matrix was framed around the 
four approaches (materiality, multisensorality, assemblage and embodiment) that 
were key themes in the workshop and a set of approaches for consideration and 
application when designing for physical-digital artefacts for the public realm. In this 
way, the participants were able to make notes in the matrix during a related activity, 
which in turn allowed me to gather evidence of participant considerations during the 
process of design research. 
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Figure 11. Urban Interaction Design Workshop design research matrix, January 2015 
 
Questionnaire 
In order to aid individual ‘reflection-on-action’ and to gather data regarding the 
frameworks being tested, a questionnaire was completed by each participant at the 
end of the workshop. The design of the questionnaire aimed for a consistent style 
with open statement questions, each of which asked for a descriptive account as well 
as a rating. By employing the questionnaire method I was able to benefit from a pre-
coded set of individual answers that helped the gathering and analysis of the data. 
During its design, I piloted the questionnaire with Director of the Digital Cultures 
Research Centre, and altered it in response to the feedback. When presenting it to the 
workshop participants, I explained the objectives of the questionnaire and assured the 
participants that their answers would be treated with confidentiality. 
 
Semi-structured interviews 
At the end of the workshop, participants were interviewed by myself and a second 
interviewer in 10-15 minute sessions, so as to mitigate the risk of participants editing 
their responses due to the nature of my involvement with the research. Many of the 
questions were repeated in the questionnaire, so as to validate the evidence  
through triangulation.  
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3.4.  Chapter conclusion 
‘The ethical imperative is to make sure that the design research we do 
contributes as much to art, science and democracy as it does to someone’s 
bottom line.’  
Lunenfeld, 2003, p.15 
 
The qualitative research with designer-researchers afforded deep insight into the 
processes, methods and culture of contemporary material-centred designers. By 
studying a sample group who represent the intended future users of the findings from 
this thesis, I was able to ensure that the outputs would be relevant and generative. I 
was also able to test the research outputs from this thesis - resources for design 
research - with a group of practitioner-researchers who were all interested in 
exploring physical-digital synthesis in outdoor public space. Hence, this research 
methodology afforded an understanding of the culture and processes of an emergent 
future audience. 
 
Throughout this research a large amount and wide variety of methods were 
employed, e.g. key to the investigation were observation, questionnaires, 
photography, and creative methods. The methods actively contributed to and 
generated the development of subsequent methods used as part of the investigation. 
The research methods determined, shaped, and in some cases became, the findings of 
this thesis. For instance, the approaches born from the sensitising concepts that were 
identified in Chapter 2, were used to frame the physical-digital artefact case studies 
and went on to be tested through practical application in the Urban Interaction 
Design Workshop. Thus, my research method became a finding.  
 
 
In this chapter I have presented the research methodology of the constituent studies 
of this research. Next I introduce the Multidisciplinary Creative Designers Field 
Study and discuss the evidence and findings it generated.  
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CHAPTER 5 - MULTIDISCIPLINARY CREATIVE DESIGNERS: 
FIELD STUDY 
 
 
The following quotes from participants provide a sense of the themes and 
perspectives discussed by the sample groups of contemporary material-focused 
creative designers during this field study. Together they represent the richness and 
breadth of design inquiry which took place, and they point to some emerging 
concerns for the exploration and design of future physical-digital artefacts: 
“Material surfaces will become our new communications platform.” 
“Current and future areas of design are completely dematerialised and have 
extreme relevance.” 
“Cross-disciplinary collaborations are essential for the discovery of 
renewable resources and long term future materials because of the different 
methodologies suggested by the different fields.” 
“Future biotechnology is going to give designers, potentially, the biggest set 
of new materials they’ve ever had the opportunity to play with.” [And yet,] 
“It is the convergence of these NBIC technologies, the digitization of 
biology in a period of open-source, that has the potential to present us with 
unintended consequences.” 
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This thesis aims to develop resources for design research that contribute to the 
conceptualisation, research and design of physical digital artefacts for public outdoor 
space. To address the central question of this thesis and to ensure that its outputs are 
relevant for the creative designers from a range of material-focused design 
disciplines that will constitute its primary ‘users’, it was necessary to understand the 
culture, practice and concerns of contemporary material-focused designers. However, 
as we have seen in the Contextual Review, thus far interaction design research has 
paid limited attention to understanding the material-centred design disciplines with 
which it is starting to engage, e.g. ceramic design and textile design. Hence, this 
chapter is designed to remedy that weakness by investigating and analysing 
contemporary design culture and practice. 
 
In 2010 and 2011, a field study entitled ‘Design Explorations’ was conducted in two 
phases at Central Saint Martins (CSM), part of the largest university in Europe 
speacialising in art and design. The field study involved the participation of 50 
material-centred design students from five undergraduate and postgraduate courses. 
They worked in themed groups related to their individual projects, the final outcome 
being their participation in a series of evening events at the Victoria and Albert 
Museum, London. A half-day workshop to test the findings from the field study was 
undertaken two years later. The testing workshop involved 18 different design 
students from three CSM postgraduate courses for whom the research, design and 
production of material artefacts was central to their practice.  
 
In this field study I sought to address the following research questions: 
1. How do contemporary material-focused creative designers from a range 
of disciplines approach research and practice? 
2. What design processes and methods do multidisciplinary material-focused 
creative designers employ? 
3. How does multidisciplinary exchange affect the research methods, design 
processes, and identities of contemporary material-focused creative 
designers?  
4. In what ways are designers whose work is concerned with producing 
material objects, addressing digital technologies as part of their research 
and practice?  
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These four field study questions were intended to generate findings to support the 
concerns of the central research question of this thesis, namely, ‘What resources for 
design research can help practitioners and researchers from multiple creative design 
disciplines improve the design of physical-digital artefacts located in the public 
realm?’ The questions were designed to explore multidisciplinary contemporary 
design discourse and engagement in order to uncover and understand mutually 
intelligible areas of concern and needs.  
 
The field study addressed the lived experience of material-centred designers in order 
to inform the development of the intended research outputs from this thesis, namely 
resources for design research that contribute to the conceptualisation, research and 
design of physical-digital artefacts for the public realm. The findings from the field 
study were also intended to ensure that the resources to be developed would be 
relevant and valuable for their future primary users.  
 
Subsequently, the Urban Interaction Design Workshop (UIDW) was held to test the 
outputs from this thesis, and the findings from the field study with CSM students 
were intended to influence the communication, structure, methods, tools and 
techniques of the UIDW.  
 
At this point it should be noted that whilst others in the interaction design research 
community have addressed the multidisciplinary and diverse nature of interaction 
design, and the associated challenge of ‘no common perspective, set of practices, or 
theoretical orientation’ through the development of common languages or 
frameworks, e.g. by investigating new ‘pattern languages for interaction design’, that 
is not the intent of this thesis (Erikson and Thomas, 2001, p.1). For this research is 
interested in developing new knowledge and resources for design research that 
complement the existing research methodologies and approaches to practice of 
creative designers exploring physical-digital synthesis in public outdoor spaces. 
 
In this chapter, firstly I provide a short account of Central Saint Martins from where 
the sample groups were sourced and the research took place. Secondly, I describe 
and detail the sample groups and provide examples of their members, after which I 
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outline the Design Explorations research activity and the research methods 
employed. Fourthly, I discuss the research data, identifying and focusing on five 
categories: motivations, processes and methods; multidisciplinary design inquiry; 
hybridity; future-craft; materiality. I go on to summarise the half-day testing 
workshop and its findings. Lastly, I offer a set of conclusions to inform the 
development of the research outputs from this thesis, as well as to inform the content, 
development and delivery of the Urban Interaction Design Workshop which tests 
those research outputs.  
 
 
4.1.  Design Explorations: background 
Central Saint Martins (CSM) is part of the University of the Arts London. It is an art 
and design college with a worldwide reputation for excellence, and whose students 
study from Foundation to Doctoral level. Its roots are in the Arts and Crafts 
Movement, with W.R. Lethaby being a co-founding principal of the Central School 
of Arts and Craft in 1886. Central was a school of craftsmanship, and ‘until the 
Bauhaus was established, Central School was considered the most progressive art 
school in Europe’ (Naylor, 1990, p.179). It merged with St Martins in 1989. CSM’s 
ongoing reputation as a leading UK design institution means that it attracts an 
international cohort of students, with 45% from the EU and non-UK countries. 
 
Selection of sample group  
By choosing to focus the field study on two sample groups from CSM, I was able to 
work with an international cohort of talented undergraduate and postgraduate design 
students, many of whom were pushing the boundaries of their practice. As this study 
sought to understand the culture, practice and concerns of contemporary material-
focused designers from a range of disciplines, it was necessary to select a sample 
group from a mix of design subject areas who investigate materiality and the design 
and production of material artefacts through a range of conceptual lenses. Common 
to the participants was a Research through Design approach to their work, hence 
research was central to their practice. In addition, many of the participants had 
already worked in a professional capacity prior to returning to study or were still in 
employment, e.g. architecture, engineering, product design and branding. This 
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afforded the study a range of youthful cultural perspectives, and the sample group 
was representative of the talent base of those who will be designing future  
physical-digital artefacts.  
 
In this chapter I sometimes refer to the participants as designers, designer-researchers 
or students, this range of terms is not intended to represent difference. 
Sample of designers 
Whilst not locating themselves within the interaction design territory, many members 
of the sample group were investigating some of the current thematic concerns of 
interaction design research, e.g. tangible interaction, shape changing interfaces, 
sustainability and socio-technical futures. The sample group was representative of 
the creative design disciplines that are joining the porous and complex interaction 
design territory. In order to provide a sense of the contemporary design research and 
practice undertaken by members of the sample group, three student profiles follow. 
The projects summarised point to the wealth of design investigations underway that 
are grounded in deep material understanding and perspectives, whilst also being 
associated with the research concerns of contemporary and future interaction design. 
 
• JIN  
Inter-Reality: The Future Human – critically questioning the social and 
ethical implications of utilising technology as a tool to enhance or alter 
human bodies and physical appearance. 
In our ever-evolving, fast-paced, technological world, the fundamentals 
that make us intrinsically human have altered. If science and technology 
provides us with the tools to re-design our human-self, to embody the 
notion of the perfect being and to obtain capabilities beyond the ‘norm’, 
what will it mean to be ‘human’ in the future? (Fig. 12). 
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Figure 12. Inter Reality: The Future Human at the Design Explorations exhibition, V&A, 
London, May 2010 	  
• ANDREW  
Biological Atelier: what role can textiles play in the production of biological 
products of the future? 
This critical design project aims to visualise the Biological Atelier of the 
future, focusing on the potential of biotechnology to bring about new 
specialist craft skills and manufacturing processes for the production of 
luxury and bespoke biological textiles.   	  	  
• CHARLOTTE  
Can the visualisation of electrical energy flows lead to a textile and materials 
innovation? 
A material research project aimed at developing responsive materials for 
future ambient displays to visualise electrical energy flows. Considering 
textile and material design as a sensitive interface for reflection and 
participation, the aim is to help the user in their everyday energy 
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management. Designing with electrical energy from an aesthetic viewpoint, 
considering it as a material with a possible evolution toward innovation. 
 
These three summaries reveal a range of approaches and concerns, and are 
representative of the wealth of design investigations being pursued by the sample 
group. They also illustrate the intended audience for whom the research outputs from 
this thesis will be created, and highlight the types of participants that might be 
expected at the future Urban Interaction Design Workshop.  
 
 
4.2.  Design Explorations: research activity 
 
Table 5. Multidisciplinary creative designers field study: structure 
Field study phase 1 27 participants 03 February - 25 May 
2010 
Field study phase 2 23 participants 18 January - 15 May 2011 
Testing workshop 18 participants 15 June 2013 	  
The two-phase study employed an action research approach, and was a voluntary and 
extra-curricular activity. Undertaken between 03 February 2010 and 25 May 2010, 
the first phase involved 27 participants: 
• MA Future Textiles (8 participants);  
• MA Design: Ceramics, Furniture, & Jewellery (7 participants); 
• BA (Hons) Textile Design (6 participants); 
• BA (Hons) Jewellery Design (6 participants).  
The participants were all in their final year, and each committed to working 
independently on their individual design projects. Each participant was selected to 
participate by their Course Director, who placed the participants within one of three 
themed groups deemed relevant to the emphasis of their projects: ‘Material 
Exploration’; ‘Memory Exploration’, and ‘Digital Exploration’. As such, across the 
four-month period they reflected on their own practice as well as that of their peers, 
through the ‘material’, ‘memory’ or ‘digital’ lenses. Hence the small-scale field 
study afforded a thorough investigation of each participant’s motivation, research 
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approach and methods, design process, exploration of materiality, and the affect of 
multidisciplinary exchange on an individual’s research and practice.  
 
The second phase took place between 18 January 2011 and 15 May 2011, involving 
23 postgraduate participants from CSM: 
• MA Future Textiles (10 participants); 
• MA Design (8 participants); 
• MA Industrial Design (5 participants).  
As with the earlier phase, all participants were final-year students who brought their 
individual projects to the study, and the voluntary activity was extra-curricular.   
 
As a ‘hands-on’ research project, the small-scale study employed an action research 
approach, whereby research and action are integrated (Somekh 1995, p.34). The 
cycle of inquiry saw the research findings from phase one inform the development of 
phase two. The participatory nature of action research placed the students as co-
researchers or partners in the field study, thereby providing a form of mutual 
collaboration between the participants and myself. As action research is a strategy 
that entails a cycle of change through on-site research (Denscombe, 1998, p.81), 
changes were made to the second phase of research as a result of findings from the  
first phase: 
Masters students only 
In general, undergraduate students appeared insufficiently experienced to cope with 
the pressure of undertaking this study alongside their final year course work. 
Whereas, all of the postgraduate students were comfortable with the amount of work 
involved. Hence, the second phase consisted only of postgraduate participants. 
Included industrial design participants  
The first phase highlighted manifold differences between disciplinary approaches 
within the ‘craft based’ subjects. In order to inform the development of the future 
design frameworks in ways that would resonate with a broader spectrum of material-
focused designers, the second phase investigated a wider design context thus 
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incorporated participants from a product design background (a discipline already 
embedded within interaction design). 
Design processes mapping activity 
Findings from the prior mapping activity informed the development of a discrete 
method focused on mapping design processes, conducted to gain deeper insights of 
design processes employed across a range of design disciplines. Participants 
illustrated and articulated personal interpretations of their own design processes.  
‘Material Exploration’; ‘Spatial Exploration’, and ‘Technological Exploration’ 
To better address the themes and sensitising concepts of this thesis, the group 
categorised as ‘Memory Exploration’ in the first phase was changed in order to focus 
on the spatial context of the research question, hence ‘Spatial Exploration’ was 
introduced. The participants in the second phase who were working within the 
‘Digital Exploration’ group opted to change the theme to ‘Technological 
Exploration’ as they felt that a range of technologies were being explored by 
members, e.g. nanotechnology and biotechnology, as well as digital. 
Group plenary discussion added 
The first phase did not have an opportunity at the end of the activity for group 
reflection, only for individual feedback. As rich findings around the theme of 
hybridity emerged from the first phase, a semi-structured group interview exploring 
the theme was included and conducted as part of the second phase. 
 
Both phases of the field study began with an evening face-to-face introduction for the 
whole group at the college. The students were informed of the project aims, asked to 
introduce themselves to others in their group, and invited to sign the research consent 
forms. The 90-minute meeting included discussion about individual projects, and 
was followed by a series of two-hour face-to-face evening sessions, and 
complemented by various online activities during the Spring and Summer terms. 
Prior to each face-to-face session the participating students were supplied with 
information about the intent of the meeting, and where necessary, guidance about 
what to prepare beforehand. Midway through each phase, students submitted a 
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printed self-assessment form that responded to the research themes of the activity 
and their own work, and completed the second self-assessment form at the end of the 
study. They also completed a questionnaire at the end of the activity. 
 
The final stage of both project phases saw group presentations and accompanying 
exhibitions held at the Victoria and Albert Museum in May 2010 and May 2011. The 
designers devised the structure of their presentations and curated the show featuring 
their work, as well as organised and managed the events. Audiences of over 100 
people learnt of the different ways that the students had approached their work, their 
inspiration, questions being addressed, and the connections across their research and 
design processes.  
 
	  
Figure 13. Design Explorations exhibition at the V&A, London, May 2011 
 
Lastly, to test the validity of the research findings from the Design Explorations field 
study a half-day workshop was held in June 2013. A new group of 18 final-year 
postgraduate students from MA Future Textiles, MA Industrial Design, and MA 
Design took part. The findings from this workshop informed the development and 
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relevance of the research outputs from this thesis. The workshop also helped to frame 
the communication, content and structure of the Urban Interaction Design Workshop 
by testing the commonalities and shared understanding of participants from a range 
of design disciplines.  
 
Research methods 
Using a qualitative approach, raw data were collected using established 
multiple methods: 
• audio recordings of the evening face-to-face sessions; 
• transcripts of the online learning environment: discussion forums, blogs, chat 
and profile pages; 
• two student self-assessment forms; 
• a questionnaire; 
• student ‘process maps’;  
• audio recordings and transcriptions of the V&A presentations; 
• one post-study semi-structured group interview (phase two only); 
• one workshop semi-structured group interview. 
 
Multiple methods approach 
The selection of multiple methods allowed findings to be corroborated by comparing 
the large volume of data produced from a range of sources, and allowed for different 
perspectives to emerge across the research period, thereby painting a comprehensive 
picture and enhancing the validity and reliability of the data. For example, the 
methods such as the questionnaire and self-assessment forms elicited individual 
critical responses to the students’ perception of their own learning and experience, 
whereas the online data emphasised the students’ relationship with their practice and 
that of their peers in an informal way. A research consent form was obtained from 
each of the participants, and ethical standards were adhered to at all times. The 
procedures chosen were suitable for the collection and storage of the necessary data, 
and feasible in terms of the resources and time available.  
 
The data was unitised and categorised in terms of their properties, and when themes 
and interconnections emerged it was further interpreted and mapped. When revisiting 
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the transcripts, additional themes and interconnections were identified and unitised. 
The approach to categorisation was therefore iterative.  The coding protocols that 
emerged were: 
1. Motivations, processes and methods; 
2. Multidisciplinary design inquiry; 
3. Hybridity; 
4. Future-craft; 
5. Materiality. 
 
In this section I have described the Design Explorations research activity and the 
research methodology. Next I shall discuss the findings that emerged, using the list 
above as thematic categories. 
 
 
4.3.  Findings and discussion 
This field study and testing workshop aimed to explore the culture, practice and 
concerns of contemporary material-focused designers. In particular my intention was 
to bring to light their individual approaches to research and practice, the concerns 
they address and the methods and processes they employ to do so, how they address 
digital technologies, and how multidisciplinary exchange affects them. When 
analysing the research evidence, naturally there were blurred boundaries and 
instances where certain findings met the criteria for inclusion in more than one 
category. To avoid repetition, such findings were included solely under one category.  
 
Motivations, processes and methods  
Motivations 
In order to discover the primary motivations for designers undertaking a design 
research project, the data from both phases were unitised into four key categories: 
provoke discussion around a conceptual research question (critical); develop a 
product solution to a perceived user need (social); investigate new ways of using a 
type of material (material); explore a design process through predetermined 
constraints (process).  
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Examples of the different exploratory areas can be seen in the following texts: 
Critical:  “The project can be described as an attempt to engage the public with 
human bio-futures through critical design. Here, design is a tool to make probable 
conceptual future narratives. Design is also a means to desensitise public perception 
over the life sciences and how they will sit in tandem with their own lives.”  
 
Social:  “My project is an attempt to study the new opportunities for sustainability 
and industrial design … [how] can networking activity be a way to engage a young 
market in [environmental issues]?”  
 
Material:  “The material has been driving this research from the very beginning. 
Although working with a material I'm already extremely familiar with this project 
has allowed me to gain a greater depth of knowledge within a specific industrial 
method of work and production.”  
 
Process:  “Following a set of predefined rules and a basic design. I re-design the 
object on the spot with the waste created during production.” 
 
The testing workshop group provided a further insight, for while all of the 
participants were able to place their individual projects within one of the four 
categories, it was suggested that upon occasion an emphasis on another category may 
evolve through their design process, “sometimes I’m more driven by a critical 
position and then in another stage it’s material”, or they would describe a conflation 
such as a “critical approach to materials”, or “process driven aiming to trigger social 
innovation”. These findings suggest the participants confirmed the validity of the 
categories, as well as illustrating their potential temporal flexibility in relation to 
individual projects. 
Processes and methods 
Commonalities among the participants were revealed when observing the individual 
designers’ qualities and traits e.g. intrinsic motivation, curiosity, embracing the 
unknown, persistence, reflexivity, interest in problem setting and problem solving, 
and a desire for resolution. To discover more about the methods and processes 
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employed by the participants, a visual mapping activity was undertaken. All 
members of the sample group independently plotted their own working processes, of 
which the following categories emerged as common stages:  
• Establish brief 
• Research – primary and secondary (mixed methods) 
• Experiments  
• Resolution of idea 
• Crafting 
• User testing 
• Execution. 
These stages were undertaken by each participant during their project. Whilst at first 
glance this list may appear familiar or unremarkable, it is important to note that the 
participants undertook them in a non-linear fashion, e.g. in a different order, 
repeating some stages iteratively or revisiting individual stages later in their design 
process. As the projects were self-initiated and self-directed, the brief may well be 
settled half way through the duration of the project, once a body of research had been 
undertaken. It is useful for the purposes of this thesis to understand the elements of 
the design process employed by a range of material-focused designers, and to 
understand the non-linear nature of their execution, for this suggests that the 
development of resources that are restrictive, e.g. a universal applied framework, 
would not complement the processes and methods that designers currently employ. 
 
For some, their creative processes and research methodologies appear restless and 
unsettled for the majority of their project, whilst others work within a deliberately 
constrained and predetermined procedural framework, as Sunil explained, 
“Constraints, in a weird way open up new avenues that wouldn’t normally be 
considered.”  Constraints can also be viewed as criteria set by designers in order to 
pursue, or judge, their design outcomes and were described by one participant as 
having the facility “to take the lead in design thinking.”  For all, the data suggests 
that the creative and productive process of the ‘making of art’ involves practical 
experimentation with and through materials, and situated reflexivity.  
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Figure 14. Data coding: participant process maps, Pervasive Media Studio, Bristol, June 2011 
 
Design considerations 
As part of the process mapping activity, eight multidisciplinary participants 
collaborated to investigate design considerations within their own work, and devised 
the following categories: experimentation; audience; craft; process; reappropriation; 
materiality; technology, and scale. They scored the significance of each unit using a 
numerical scale 0 (no significance) – 5 (maximum significance), (Table 6). 
Subsequently, these categories were presented to the 18 participants at the half-day 
testing workshop (Table 7). 
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Table 6. Participants’ design considerations during individual projects, 2011 
 Mabel Jin Sorrento Kurt Pat Marcel Pierre Ling 
Experimentation 4 5 5 5 5 5 4 5 
Audience 4 2 2 4 2 2 4 3 
Craft 3 3 3 5 5 5 3 1 
Process 5 4 5 4 3 4 3 4 
Reappropriation 5 5 4 5 4 4 4 1 
Materiality 4 4 5 5 5 4 5 5 
Technology 2 3 4 5 5 1 1 3 
Scale 3 1 4 5 2 3 1 2 
Source: sample group, phase two ‘Material Exploration’, 2011 
 
 
Table 7. Participants’ design considerations during individual projects, 2013 
 a b c d e f g h i j k l m n o p q r s t u v w x y z A B 
Experi
mentati
on 
5 4 4 4 4 3 5 4 4 4 4 4 5 3 4 2 5 4 4 3 3 1 5 5 5 5 5 5 
Audien
ce 
4 
 
4 5 5 5 2 2 4 5 3 1 5 5 4 5 5 3 3 3 5 1 5 1 2 3 3 5 5 
Craft 3 4 0 0 3 3 3 5 3 4 5 5 4 4 4 3 4 4 4 3 3 2 5 5 5 3 2 2 
Process 2 4 4 4 4 3 2 5 5 3 4 3 5 5 5 3 5 5 3 1 5 3 5 4 5 3 4 3 
Reappr
opriatio
n 
5 3 5 4 5 4 2 4 5 3 3 3 3 2 5 4 4 3 3 1 5 5 2 5 4 5 4 5 
Materia
lity 
3 3 1 1 3 3 2 3 4 4 3 4 5 5 3 2 5 4 4 1 5 4 5 5 4 5 4 4 
Technol
ogy 
1 5 2 1 1 3 2 4 5 4 1 3 3 5 1 4 5 4 3 5 3 5 2 1 5 2 1 3 
Scale 5 3 2 1 2 2 4 2 3 4 2 3 0 4 2 3 4 0 4 3 2 2 2 2 1 1 5 3 
Source: sample group, half-day testing workshop, 2013 
The data in both tables suggests that both groups appear to employ similar 
considerations, but weight the significance of each unit differently. Of particular note 
in both tables, and revealed elsewhere in the field study data, is the range of 
emphasis in which the human user is located across the projects. For instance, 
although the results reveal a greater emphasis on addressing the ‘audience’ within the 
design process (65% = 4-5) for the majority of the participants, there are still those 
for whom the user of their objects is not a chief consideration across the design 
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process, this will be discussed later in this section. ‘Re-appropriation’ was a term 
used by participants to describe the import or mixing of methods, materials and 
processes from outside their subject area, and was a main consideration for 70% (4-
5) of the testing workshop participants. As we can see, ‘technology’ as a design 
consideration proved to carry greater weight in the testing workshop than with the 
field study sample group, although a quarter of the participants indicated that this 
unit was of little concern to their project. These findings suggest that in general 
designers recognise the set of design considerations within their practice, but do not 
place the same emphasis on each one.  
‘Audience’, ‘body’ or ‘user’ 
Participants showed a notable difference in their perception of the ‘end user’ within 
their work. Some participants saw the user as being central to their work and were 
undertaking projects driven by a perceived user need, “As my practice is a mix 
between interactive and textile design practice I would say [the audience is 
considered] straight from the beginning.” Charlotte saw the user participation as 
central to her design process, “... the feedback from people along the way is really 
important for me, from beginning to end”.  Whereas throughout the duration of their 
project some participants failed to consider the way the final object would be 
experienced, other than at a cursory level, “I think it would be once I begin to 
actually weave that I consider how the final sample would function and to whom it 
appeals.”  Sorrento pursued a critical design approach, “The people definitely happen 
at the end for me…my pieces are conversation starters, so that’s kind of the end of 
the production line if you like. What people think”. Moreover, whilst interaction 
design and HCI tend to describe a person as a ‘user’ or a ‘human’, among the sample 
group several other terms were evident:  
• Wearer; 
• Viewer; 
• Body; 
• Participant; 
• End-user; 
• Audience; 
• Person. 
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Central to the approach of interaction design is the user experience, user needs are 
positioned as critical within the discipline and traditionally at the forefront of their 
concerns for the duration of a project. However, this field study revealed alternative 
concerns may be central to the work of material-centred designer, e.g. the aesthetic 
and form of materials. Thus there appears to be fundamental conceptual and 
procedural differences between these participants and the traditional interaction 
design research community.  
 
Motivations, processes and methods: insights 
1. A range of design methods, processes, motivations and concepts underpin the 
work of contemporary designers, all of whom use iterative, cyclical, non-
linear, exploratory approaches. 
2. A universal applied framework for multidisciplinary designer-researchers 
would be irrelevant as their processes tend to be individual and dependent on 
the project at-hand. To be applicable and useful for multidisciplinary 
designers, any generative resources for design research should be flexible and  
non-prescriptive. 
3. The Urban Interaction Design Workshop to test the research outputs from this 
thesis should be an experimental and open activity, which frames the 
participants’ qualities and traits as being: intrinsically motivated, curious, 
embracing the unknown, persistent, reflexive, interested in problem setting 
and problem solving, and a desirous for resolution. 
 
Multidisciplinary design inquiry  
Writing on interdisciplinary cooperation Kim notes ‘different disciplines have 
different priorities, different thinking styles, values and methods. Maybe their values 
and priorities collide. What one person finds valuable, others do not even notice’ 
(1990, p.33). As noted in the introduction to this thesis, for the purposes of my 
research I am using the term multidisciplinary to describe a range of material-
focused creative design disciplines e.g. jewellery or textile design.  
 
 116	  
Community of inquiry   
The participants appreciated working in a community of inquiry, and felt that by 
working in a cross-specialism group they were able to: engage in different design 
processes; advance their critical thinking and contextual awareness; refine 
articulation of their individual projects; evaluate the originality of their work and 
reflect upon it; interrogate their projects from a different perspective; and gain 
confidence through developing a deeper understanding of their research and practice. 
Norsai explained that “discovery of new meanings in your work through a 
multidisciplinary collaboration - it enriches your work and enables you to view your 
project and practice from a different perspective”, and Ishii observed that “we were 
also able to deepen more in our own project, noticing new meanings and interesting 
aspects that were overlooked before.” Through working within a multidisciplinary 
community of inquiry and thus accumulating a broader body of knowledge, skills 
and discourse, members of the sample group felt more confident as members of their 
design discipline. This finding suggests that by expanding the range of disciplines 
participating within a community of inquiry, members may engage with their own 
discipline more deeply. It also illustrates the appropriateness and value of the Urban 
Interaction Design Workshop as a method for testing the research outputs  
of this thesis. 
Communication: design language 
The terms and phrases used by the participants when discussing their practice were 
characteristic of a recognisable ‘design-specific’ language, e.g: materials; 
experiments; methods; processes; research; tools; production; manufacturing; craft; 
aesthetic; form; outcomes; technique; colour; perception; design direction; context; 
influence; synthesis; visual; sampling; brief; function; typology; objects; reflect; 
communicate; concepts; translate; scale; structure; styling; explore; research 
question; challenge and play.  The following types of descriptions occurred when 
describing an object or a material, “personality of the piece”, “an emotionally-rich 
object”, and its ability to “materially articulate”. Those from a specific course were 
more likely to use certain terms than others, for instance the MA Textile Futures 
students only used “future-human paradigm” or “simple paradigm articulations”, and 
never used the word ‘typology’ or ‘provenance’ which were frequently employed by 
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those studying industrial design. An example of the ways in which the students used 
various words and terms to describe similar activities within their design process can 
be seen from the following analysis of their individual process maps (discussed in the 
motivation and process section):  
• Establish brief: subject definition; question; theme defining; defining 
concept; project definition; 
• Research – primary and secondary (mixed methods): 
• Experiments: visualising research; experimental narratives 
doing/making/outputs; material exploration; sampling; 
• Resolution of idea: themes; concept; 
• Crafting: prototypes; scale models; styling; design development; design 
exploration; representation of final concept; refined prototypes;  
• User testing: testing with target; critiquing with peers and tutors;  
• Execution: crafting props; objects; final pieces; final designs;  
resolution; model. 
The findings suggest that the participants were employing a common design-specific 
language with its own codes and rituals, however within this meta design-language 
there appeared to be territorial sub-systems or discipline-specific ‘jargon’ that may 
be inaccessible to designers from other subject areas.  
Communication: models 
Participants developed their ideas through the production of models at varying stages 
of their design process. The words used to describe the models depended, in part, on 
the object’s purpose and the discipline of the students, e.g. the final designed object 
could be called a piece, an outcome, a prop or a probe. Whereas an artefact created 
during the design process in order to inform its next stage of development may be 
termed a prototype, an experiment, a sample, a mock-up or a prop. Just as the 
function of the models varied, so too did its audience. The model may be produced 
solely for the designer in order to test materials, or it may be intended to help 
‘communicate conceptual narratives’ within the specialist group, or it may be a 
finished object intended for sale. The role of models and artefacts to communicate 
and stimulate ideas and memories is familiar to myriad disciplines, and is a 
fundamental method within the design discipline. When producing models to 
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communicate narratives or scenarios aimed at discourse and critical reflection as 
opposed to product production, it is appropriate to make functional prototypes, rather 
than final working solutions. This approach was undertaken, in part, by members of 
the sample group, not in the role of exploring and testing potential product design 
solutions, but ‘to explore and express ideas, as they provide a focus for reflection and 
further enquiry’ (Walker, 2010).  
 
 
Multidisciplinary design inquiry: insights   
1. Multidisciplinary collaborative inquiry enables designers to engage more 
deeply with their own discipline and improves their confidence as members 
of that discipline. 
2. There is a commonly understood ‘general design language’ but each 
discipline also houses its own sets of references, methods and terminology, 
which may prove impenetrable or confusing to those ‘outside’ that discipline. 
Therefore, when developing the resources for design research and the Urban 
Interaction Design Workshop, use an inclusive design language. 
3. Employ model-making as a research method and communicative bridge 
amongst multidisciplinary participants at the Urban Interaction  
Design Workshop. 
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Hybridity  
In both phases of the study the term ‘hybrid’ was often used by the participants to 
describe themselves or their practice. Emma called herself a “hybrid designer” 
because she was working with cultural and material ambiguity as a key part of her 
exploration. Whereas Charlotte used the term to describe her mixing of interaction 
design and textile design practices, and Luke explained how he works within textile 
design to conceptualise possible future natural “hybrid-materials” manufactured 
through biosynthesis. These three examples illustrate the notion of hybridity within 
the categories of designer identity, disciplines and materials.  
Hybrid practice amongst design disciplines  
The mixing of disciplinary approaches, methods and materials was a common 
practice within the sample group. Jon combined a traditional craft skill, knitting, with 
materials associated with industrial design, such as high-tension stainless steel and 
concrete. Another participant explained how, as a textile designer, she was using 
many of the processes derived from interaction design “to materialise interactions” 
and to “provide tactile and sensitive experiences” When debating the location of their 
projects within the design discipline, six members of the sample group chose to 
examine whether their individual work could be located as principally crafts or 
design based - terming their discussion ‘Craft vs Design’. Jim placed the two as 
“tightly interwoven within my project”. He went on to describe his relationship with 
craft and design, “Handbuilding techniques are being used alongside CNC processes, 
both are equally important in the exploration of mark-making throughout the design 
process and final piece”. David described his project as sitting on both sides of “the 
divide”.  Penny argued that “Within my project there would be no design without the 
craft. I would say Craft leads to Design rather than Craft vs Design”, whereas a polar 
position was taken by Hong who stated his work is “craft with a ‘designed’ process.” 
Through the interrogation of their practices the participants revealed the culture of 
mixing methods, tools and techniques undertaken in contemporary design research 
and practice. 
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Table 8. Participant projects demonstrating ‘hybrid practice’ 
Theme 1 Theme 2 Project description Materials 
Biology Textile Design Reappropriation of 
skills; hybrid 
materials; 
biotechnology; 
imagining science –
textile futures. 
Cross-species fur 
jacket; fake ivory; 
fake future materials. 
Nano-technology Textile Design A ‘cookbook’ that 
explains concepts of 
nano-technologies. 
Communication. 
Used physical 
materials to suggest 
‘nano-props’. 
Computer Science Textile Design Questioning ethics of 
using digital 
technologies to 
enhance human 
appearance. 
Software to enable 
augmented reality; 
various materials to 
act as ‘probes’. 
Psychology Textile Design How to make 
intangible mind 
physically visible 
within the realm of 
textiles. 
Prosthesis ‘props’ 
using silicone. 
Craft Industrial Design Future role of craft in 
society and 
manufacturing. 
Perception of 
materials. 
High-tension 
stainless steel; 
plaster; concrete; 
polypropylene 
threads; resin. 
Biology Textile Design Biotechnology; life 
sciences; ethics of 
future synthetic 
biology. 
Biological samples, 
biological stocks, 
glass, waxes, 
silicone. 
Interaction Design Industrial Design Mobile phone 
application to 
monitor household 
energy consumption 
and enable game-
play. 
Software; sensors; 
smartphone. 
Interaction Design Industrial Design Transgenerational 
familial 
communication. 
Wood, digital 
technologies, smart-
phones, glass bowl. 
Interaction Design Textile Design Wallpaper and 
smartmeters as an 
aesthetic 
communicative 
surface. 
Semi-conductive and 
electro-reactive 
materials, print inks. 
Computer Science Textile Design Synthesis between 
digital code and 
woven textiles. 
Digital code, wool. 
Source: transcriptions from participant presentations and plenary group interview, phase 2, May 2011.  
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Table 8 illustrates how some of the sample group of contemporary designer-
researchers employ hybridity as part of their practice, and highlights hybridity or 
‘mixing’ as a way of thinking among many of the sample group. It reveals that it is 
not unusual for participants to look beyond disciplinary norms for inspiration or 
collaboration, as well as adopting and adapting methods from different disciplines 
within her own practice. For instance textile designers worked with software 
developers to produce augmented reality outcomes, collaborated with a 
microbiologist in a science laboratory, and studied physics in order to address the 
research question “How can air be a tool, a material and a design process?” These 
examples illustrate how designers’ current practices are expanding the purview of 
their disciplines, and show how porous, flexible or mutable design territories can be. 
This table also highlights that contemporary designers are actively pursuing the 
investigation of socio-technological and cultural themes that resonate with the 
interaction design research discourse, e.g. smart wallpaper, smart meters and 
transgenerational communication mediated by digital technologies.  
 
	  
Figure 15. Design Explorations exhibition, V&A, London, May 2011 
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Hybrid identities   
“I really can’t, it’s so difficult. Some people say “what you do is art”… 
it’s definitely not”. 
Participant, 2011 
 
Whereas the first study suggested design students identified themselves principally 
as operating within a specific design subject and engaging with other specialisms in 
order to inform and expand their subject practice, the second study showed 
participants having a more uncertain understanding of how to position themselves or 
describe their professional identity, possibly due to identity formation and 
engagement with their previous professional lives. While being confident 
undertaking and talking about hybrid practices, participants were often unsure about 
their identity, e.g. Andrew stated “I worked in that kind of area in-between, in-
between the two almost [science and embroidery]…” others described “the blurring 
of roles” and “the middle ground”. For some, an ambiguous professional identity was 
of concern, and was partly the result of pursuing a multidisciplinary approach to their 
research and design endeavours, e.g. using methods from biology.  
 
Hybridity: insights 
1. There is a culture of mixing methods, tools, techniques and materials undertaken 
in contemporary design research and practice.  
 
2. Designers are looking beyond the traditional boundaries of their specialism and 
broadening their territorial scope, e.g. exploring physical-digital synthesis in a 
variety of contexts. Therefore the concerns of interaction design research constitute a 
new area of focus for the material-centred design disciplines. 
 
3. Although an earlier insight showed that participants gained confidence in the 
membership of their particular discipline through exposure to other disciplines, the 
culture of mixing subject territories as part of their design practice also caused some 
designers to have an ambiguous understanding of their own professional identity.  
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Future-craft 
Design has a long history of adopting new technologies, and digital technologies 
have been part of the general design terrain for over 30 years. The field study 
illustrated that digital technologies are embedded in many designers’ practices. 
Participants called the intersection of traditional craft and digital technologies, along 
with nanotechnologies, biotechnologies, information technologies and technologies 
based on cognitive science (NBIC), ‘future-craft’. 
  
“I aim to instigate dialogue into the ethical questions of what posthumanity 
in an age of synthesis, may bring in 2050-75.” 
Participant, 2010 
 
Current investigations amongst the sample group displayed in Table 8, alongside 
leading-edge professional research and practice, suggests that the design discipline 
may become a partner to multiple other disciplines in the 21st century. The synthesis 
of craft and design with the converging NBIC technologies, ubiquitous computing, 
pervasive media, connected objects and new manufacturing processes raises myriad 
ethical considerations for designers exploring future physical-digital synthesis for the 
built environment. 
 
Figure 16. A ‘prop’ to stimulate discussion as part of a critical design process, phase one, 2010 
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Future-craft: speculative and critical design approach 
Craft methods and techniques were used by participants to explore and communicate 
contemporary and future ethical questions in a variety of areas, including 
nanotechnology, bioengineering and digital surveillance. One designer aimed to 
provoke debate about a future where individual growth is hampered by the perpetual 
digital presence of one’s past identities, a second participant sought to critically 
question the embodiment of the unconscious mind through textiles, and a third chose 
to explore the emerging field of synthetic biology, biomimicry and prosthetic 
technology. Thus students are using their crafts-based design practice and research 
methods to devise and communicate possible future scenarios concerning major 
societal issues. The investigation of future socio-technological, cultural, economic 
and environmental grand themes through speculative or critical design strategies is 
synergous with the concerns and approaches of interaction design research as 
discussed in the Contextual Review. Hence, when developing useful resources for 
multidisciplinary designers exploring future physical-digital synthesis, the materials 
should be relevant for those employing a critical lens, e.g. designing critical 
narratives and theories around the object, and not just designing the object itself. 
Future craft: high-tech and low-tech synthesis 
“Stereotypical nature of digital has been something intangible, and some of 
us felt we were trying to capture it and make something tangible that we 
could interact with.” 
Participant, 2010 
 
Natalie explored a synthesis of digital code and textile weave, her insight above 
highlights how participants approached digital technologies as being part of a “box 
of possibilities”. Digital technologies were approached conceptually in the same way 
as tangible and intangible materials and tools. The use of ‘high-tech’ or ‘low-tech’ 
was seen simply as a research tool, with no uniform preference for a particular type 
of technology. Participants appeared as intrigued by someone’s exploration of air, the 
structures created from an old loom, or bacterial formations as they were the use of 
cutting-edge 3D software applications. This finding applies to all sample group 
members, regardless of their specialism. Examples of the high-tech and the low-tech 
tools used by the sample group include: 
 
 125	  
• Laser-cutter 
• Hand loom 
• Digital Jacquard loom 
• Kiln 
• 3D modelling software, e.g. Rhino 
• Matrix bar-codes, e.g. QR codes 
• Hairdryer 
• Fire 
• Ardunio hardware and software. 
Here we can see how the participants treat digital hardware and software as 
materials, and they appear to acknowledge the agency of digital technologies by 
testing their affordances and constraints as part of the design research process. 
Future-craft: communicative bridge 
The use of technologies to speed up the design research and making process enabled 
the students to explore their discipline in greater detail, such as Lucy who laser-cut 
40,000 tiles of wood veneer to explore parquetry in jewellery. She would not have 
been able to hand-cut that amount of tiles in the same time, and this would have 
impacted negatively on the amount of experiments she could have undertaken. Lucy 
identified ‘precision’, ‘scale’, ‘quantity’ and ‘speed’ as the factors that digital 
technologies brought to her craft practice as a jeweller. Marie used living organisms 
as part of her design and stated that ‘digital tools allow me to connect different 
discipline skills’ and to ‘think seamlessly and visualise the untouchable’. Through 
the practical use of digital technologies she was able to explore in a fluid manner and 
incorporate different disciplines within her work, for example biology, architecture 
and textile design. Marie also believed that the use of digital technologies to visualise 
ideas afforded her a general language with which to communicate with those from 
other disciplines, as well as to collaborate with them through the use of the same 
tools, such as 3D modelling software. Hence digital technologies can be seen as a 
multidisciplinary bridge, or language, with which to communicate and collaborate. 
This insight resonates with the synthetic and integrative approach and practice of the 
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interaction design field, and should be considered as a tool for supporting 
multidisciplinary design discourse. 
 
Future-craft: insights  
1. Digital technologies can be conceptualised as a material for investigation and 
application, and a communicative bridge between disciplines.  
2. Material-focused design disciplines will radically reshape as they extend their 
relationships with science and technology, and turn their attention to NBIC 
technologies in the built environment.  
3. To be relevant and useful for those designing physical-digital artefacts in 
public space, critical and speculative design approaches should be supported 
by the research outputs of this thesis, not solely the concern of making a 
technological object. 
 
 
Materials 
The essence of designers’ relationships with materials can be in opposition: 
• “Materials are my way to realise my concept.” 
• “Materials are for me the basis of any and all creations.” 
Participants felt that the perception of textiles and materials in the near future would 
change dramatically as new ‘smart’ materials and biosynthetic materials are 
developed and commodified for the mass market. Andrew pointed out that “future 
biotechnology is going to give designers, potentially, the biggest set of new materials 
it’s ever had the opportunity to play with.” The role of designers in the development 
and communication of these future materials was considered important. Some 
participants were exploring how the skills of textile designers could be relevant and 
influence ‘a science future’, and others were pursuing a critical design path in order 
to illustrate scenarios and provoke discussion about the ethics of new bioengineered 
materials amongst their chosen audiences. The participants saw challenging the 
perception of future or existing materials as a critical theme for their discipline, 
whether textile designers, furniture makers, ceramicists or industrial designers. The 
sample group noted “furthering and developing different applications for different 
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materials in an ever-evolving world of new materials, different processes and 
technologies” as being a key challenge for their disciplines. It was stated that 
“materials will be the future communications technology”. In general interaction 
design research has yet to focus on exploring new material technologies in the urban 
outdoors, but could do so in the near future, and as such the resources for design 
research should support the investigation of emerging materiality. 
	  
Figure 17. A participant’s design research process to explore materials, phase 2, 2011 	  
Materials: novel and traditional practice 
As seen earlier regarding the sample group’s relationship with high-tech and low-
tech tools, they were equally interested in exploring new or traditional materials. One 
designer described how her own choice of materials “… also prescribes the aesthetic, 
however, how I process that material often determines the element of 
newness/surprise. From casting, to sculpting, draping and sewing, I am using a 
diverse range of processes to transform otherwise familiar materials”.  This suggests 
that when an ‘old’ material such as clay is used by a designer unfamiliar with that 
material within her specialism, the experience of that material is likely to be new to 
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the designer, and thus the investigation could be seen as innovative – in as much as 
any designer who explores and uses bacterium or augmented reality within their 
practice. Indeed, one member claimed that the boundaries of his project were pushed 
because he was unfamiliar with the material.  Some of the materials used as part of 
the sample groups’ work included: bees wax; silicone; steel; organza; clay bricks; 
air; biosynthetic materials, photoluminescent algae and electro-reactive materials. 
 
Materials: illusion, deception and surprise 
The investigation of materials through illusion, deception and challenging 
perceptions was a principle aim underpinning several students’ projects. For 
example, industrial design student Donald wished to challenge the way that people 
perceived and valued materials, whereas Marcel challenged the perception of clay 
bricks through scale, form and environmental context. Mabel used multiple materials 
that looked identical to explore the sense of touch, to ‘fool the senses’ and to 
communicate the need for multisensorial awareness. Other students employed 
materials in ways that were counter to their normal uses, e.g. an industrial designer 
utilised concrete, stainless steel and resin to create large-scale knitted artefacts. The 
practice of reappropriation of materials employed by craft designers with the intent 
to deceive the viewer’s initial perceptions asks significant questions about designing 
physical-digital artefacts for the senses, physical affordances, and emotion,  
as previously mentioned. 
 
Materials: insights   
1. Designers see themselves playing a role in the development and 
communication of future materials and well as informing the future 
applications of these materials.  
2.  Multisensorality was explored in many ways, e.g. challenging user 
perceptions, senses and emotions through the themes of deception, illusion 
and play, thus at times designing for the discordant or unexpected. 
3. Types of materials may be established and central to one discipline, but new 
within the realms of another. Thus when developing the Urban Interaction 
Design Workshop do not make generalisations or assumptions regarding the 
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presentation and anticipated use of particular materials. Be contextually 
aware when creating resources for multiple disciplines, e.g. do not confer 
status on particular materials, or assume prior types of participant experience. 
 
 
4.4. Chapter conclusion 
In order to reveal the culture, practice and concerns of contemporary designers, for 
two years I conducted an in-depth and detailed two-phase field study with designers 
from a range of material-focused disciplines. So as to corroborate and validate my 
evidence, I followed this up two years later by running a half-day workshop with 
another sample group from multiple creative design traditions. In so doing I 
undertook a thorough investigation of the potential audience for my research outputs, 
and simultaneously informed the development and production of those outputs. I also 
gained an understanding of the types of communication, structure, methods, tools 
and techniques to employ in the Urban Interaction Design Workshop, intended to test 
the research outputs from this thesis. In this section I shall reflect upon the Design 
Explorations field study and testing workshop, and address the principle findings. 
 
This field study sensitised me to the hybrid and fluid emergent practices of a group 
of young multidisciplinary designer-researchers engaged in material-focused design. 
The participants were involved in a culture of mixing approaches, research methods 
and materials, and looking beyond the traditional boundaries of their subject areas. 
The design processes and methods that the participants employed during their work 
were assorted or given different emphasis, and were approached in a cyclical and 
iterative manner. The motivating concerns underpinning the participants’ research 
and practice were also varied, e.g. addressing a specific question for society, or a 
specific material exploration. A theme to emerge from the research that presents 
commonality amongst the participants related to their qualities and traits, e.g. 
curiosity, reflexivity, intrinsic motivation. From this study I have learned that to be 
relevant for designers from multiple creative design disciplines, the resources for 
design should not assume a single mode of interpretation or application, rather they 
should be generalisable and function in a way that affords multiple modes of 
engagement. Likewise, the workshop should be produced as an experimental and 
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open activity, which acknowledges its audience as creative, critical, and having 
different motivations and processes underpinning their work. 
 
As evidenced from this study the ‘design landscape’ in general is a dynamic and 
emergent space, with research, experimentation and criticality embedded within 
practice. Concerns familiar to interaction design are now being attended to by 
established material-focused disciplines that are new to the territory of exploration, 
or whose previous work may have been hidden from the gaze of interaction design 
research. As would be expected, as disciplinary borders merge, different concerns, 
traditions and methods of inquiry are exposed, some of which many run counter to 
the foundational concepts and assumptions of interaction design. This was illustrated 
by the revelation that, in contrast to interaction design, amongst the field study 
participants a ‘human’ or a ‘user’ did not necessarily feature at the forefront of a 
project, rather a person may be described as a ‘body’ and be addressed at the final 
stage of a design exploration. Similarly, whilst a general design-specific language 
was employed by the participants where familiar terms were freely used, it was 
apparent that different subject areas also had their own ‘jargon’ which others failed 
to understand, or were terms rarely used within their own domain. Hence, for the 
purposes of both the resources for design research and for the presentation of the 
Urban Interaction Design Workshop, it is important to use an inclusive language, and 
not assume shared knowledge of concepts, approaches or research methods. 
 
Leading on from the last point, the findings highlighted a number of ways to support 
multidisciplinary inquiry, e.g. physical models and digital technologies can be used 
as multidisciplinary ‘communicative bridges’. The findings also showed the need to 
be contextually aware when creating resources for multiple disciplines, e.g. do not 
confer status on particular materials, or assume prior types of participant experience. 
Furthermore, the investigation revealed the wealth of ways in which physical-digital 
synthesis is being explored and practiced, including the critical and speculative 
nature of some participants’ work. Thus highlighting the need for the resources for 
design and the Urban Interaction Design Workshop to support a range of 
investigations, and be contextually aware that the future users may be designing 
around the object and not just the object itself.  
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The synthesis between science, technology and design to conceptualise new 
materials and new applications for materials was identified as being essential 
“because of the different methodologies suggested by the different fields”. In 
particular, the participants noted the contrasts and tensions between the disciplines as 
being fundamental factors in the development of future practice. However, the study 
also highlighted the desire to challenge perceptions through surprise, illusion or 
deception was frequently described as a motivation for undertaking a project. These 
perceptions could be related to a number of areas, e.g. the expected use or sensory 
experience of a material, or a social issue. It was also illuminated how members of 
the sample group are already considering new bioengineered materials and 
nanotechnologies as part of their design practice. Therefore, with open source, NBIC 
and additive manufacturing technologies already making in-roads into the realm of 
design, and potentially radically reshaping the domain in the 21st century, an 
investigation of the ethics of interdisciplinary practice amongst the design research 
community seems vital. Hence, the ways in which societies may be affected as a 
result of designers working with hidden sensors in public spaces or “challenging 
perceptions through deception” with new digitally augmented bioengineered 
materials, should be debated.  
 
 
In this chapter I concentrated on the lived experience of the intended primary users 
of the research outputs from my thesis. It was crucial for me to do so, for it led me to 
understand the state of emergent design concerns and practices of contemporary 
material-focused designers, which allowed me to develop a grounded sense of the 
future users of this research. As such, the development of the resources for design 
research was informed by the primary audience for whom they were intended, thus 
ensuring that the research outputs from this thesis are relevant and valuable for their 
users and have a successful pathway to impact. In the next chapter I continue the ‘on 
the ground’ perspective of my research in order to explore the everyday relationships 
between physical-digital artefacts and people in outdoor public space. I turn my 
attention to four physical-digital artefacts located in Bristol, and to the citizens  
who encounter them.   
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CHAPTER 5 - PHYSICAL-DIGITAL ARTEFACTS: FOUR CASE STUDIES  
 
In this chapter I investigate existing physical-digital artefacts situated in urban 
outdoor public spaces. This exploration will provide me with insights regarding 
relations between people, materials, digital technologies and the outdoor social 
setting, so as to inform the development and production of original resources for 
design research that contribute to the conceptualisation, research and design of future 
technological objects in public spaces.  
 
Looking to the future, Dourish states that ‘the world can become an interface to 
computation and computation can become an adjunct to everyday interaction’, but 
advises that different directions for design are needed in order to achieve this in ways 
that are socially meaningful and relevant (2004, p.19). To do so, he calls for HCI and 
design communities to alter fundamentally their conception of computational objects 
and systems and their relationships to practice. Hornecker and Buur acknowledge 
that the nascent stage of tangible interaction in urban environments means that we 
have limited opportunity to understand human encounters with these types of hybrid 
settings, and they describe the complexity of designing future tangible interfaces as 
‘new challenges for design and HCI’ (2006, p.437). Through undertaking a series of 
four case studies set in the everyday social world, I aim to provide resources that 
support some of the design challenges for those working in a new, evolving and 
complex area of interaction design research.  
 
For the purpose of the research, Bristol’s outdoor public realm is framed as a creative 
site and a laboratory, and the detailed investigation presents valuable insights into 
our real-world practices with physical-digital artefacts. I examine four objects: the 
Space Signpost; Pelican Crossing at College Green; Big Screen - Live Site in 
Millennium Square; the iPlus Points in Bristol city centre. Their selection was 
informed by the Scoping Study which recommended selecting sites for observation 
that afforded a wide variation of object types and object interactions, and were 
representative of the variation.  
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The sites were chosen for the following reasons:  
• they represented a variety of human-object interactions;  
• the assumed physical persistence of the objects to ensure robustness in research 
methodology;  
• to enable the flexibility of approach necessary for a creative and emergent 
process of inquiry; 
• the practical purpose of being at-hand. 
 
The four case studies were exploratory and interpretive in nature. I employed an 
emergent and responsive research methodology, where the insights and findings 
established in one case study informed the research approach and methods of the 
next investigations. I adopted a mixed methods approach using established methods 
alongside novel practice-oriented methods based upon intuition and subjectivity. Key 
to the research methodology was fieldwork observation, thereby concentrating on 
actions in a setting, and not employing methods to investigate the interior motives of 
people. The sensitising concepts which emerged from the Contextual Review 
(embodiment, materiality, assemblage and multisensorality) acted as a set of 
approaches that framed the research throughout. At times these approaches were 
used as conceptual lenses, and at other times they were applied practically and used 
as tools for exploration. Thus the set of four approaches were both conceptual and 
applied methods, depending on the appropriate context for use - whether the ‘doing 
of research’ or the ‘doing of design’. 
 
 
In this chapter I present the four case studies individually, and discuss the findings 
from each. I go on to provide an overview of the new resources for design research 
that were informed and inspired by this research, namely, the Approaches 
Framework (later entitled ‘Experiential Framework’) and the Conceptual Materials 
for Design Research. The Conceptual Materials for Design Research did not derive 
through the accumulation of findings from the initial coding of each case study, 
rather, a secondary level of coding was undertaken on the evidence from the four 
case studies. I also introduce twelve key underpinning insights that were identified as 
a result of analysing the case studies’ evidence, and which provided the general 
scope, sensitivity and sensibility of both new resources. I provide an account of the 
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methods of data analysis and evaluation I adopted in order to develop the two 
resources. The outputs from this research will be tested in the Urban Interaction 
Design Workshop, a multidisciplinary creative design workshop (Chapter 6) 
intended to inform further their development, and to test their usefulness, value and 
robustness for design research. 
 
 135	  
SPACE SIGNPOST CASE STUDY 
 
	  
Figure 18. Space Signpost, Millennium Square, Bristol, November 2009 
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‘For as ever, any culture is better off seeking ways to make new technologies more 
aesthetic and more humane than assuming they will become so on their own, or 
wishing they would simply go away.’ 
McCullough, 2013, p.14 
 
Situated in Bristol’s Millennium Square, the Space Signpost is a computational 
object that contains and transmits location specific digital information, and is made 
from material associated with generic street furniture. It was designed by an 
interdisciplinary group of people, including myself, to be an informal learning 
resource in the urban outdoors. When humans interact with the Space Signpost it is a 
functional object, with its digital information presented as a practical wayfinding 
system. However, when not in close contact with a person, its unique form places the 
Space Signpost more in the category of ‘public art’, indeed, it is described as ‘a 
sculptural piece for public locations… a beautiful object in its own right, with 
sweeping lines…’ (GovEd, 2015).  
 
There were many ways to frame the Space Signpost. For the purposes of this study, 
my interest lay in the relationships between people, material artefacts and digital 
information in the everyday social setting. For the purposes of this inquiry I chose to 
use actor-network theory (ANT) as a method of analysis, thus placed the Signpost 
within a relational context that ‘sees only actors – some human, some nonhuman, 
some skilled, some unskilled – that exchange their properties’ (Latour, 1992, p.232). 
In doing so, I placed the physical object and digital information as having agency to 
shape human action, as well as acknowledging the human ability to make the digital 
information and the physical object move, thus taking advantage of ANT’s ability for 
‘levelling divisions usually taken to be foundational’ (Law, 2009, p.151). This 
approach was appropriate as I was seeking new ways to understand our present 
relationships with physical-digital artefacts in order to inform and develop methods 
to improve the design of future technological objects. To do so it was necessary to 
experiment and adopt methods that run counter to the established dogma, e.g. 
interaction design and HCI privilege the user experience. In this way I hoped to 
address McCullough’s desire for us to find ways to make new technologies more 
humane (see above). 
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My past intimate knowledge and experience of the Space Signpost meant that I had 
an established relationship with it, and a set of deeply held assumptions, e.g. it was 
an object that successfully captured people’s attention, and that people appreciated 
the Signpost as they could ‘read’ the care and craft that brought it into being. Hence, 
ANT was also a strategic research tool as it allowed me to put aside my bias. As 
such, I chose to immerse myself in three detailed ethnographic observations of 
human-machine encounters to discover what insights emerged. As we shall see in the 
following findings and discussion, I found myself thinking in particular about aspects 
of credibility, brokenness, and the possibility for misinterpreting social interactions 
around physical-digital artefacts. 
 
 
To start this case study I provide a description of the Space Signpost before 
summarising the research methodology employed. I go on to discuss the findings and 
provide a set of conclusions.  
 
 
5.1.  Space Signpost: background 
The Space Signpost is a fixed steel object whose surface has been brushed to give it a 
matt finish. It is approximately 12 feet high by 3 feet wide, with a pronounced curve 
in its middle that houses two 21 inch digital display screens. Mounted on its top is an 
LED display measuring approximately 5ft x 4.5ft x 0.3ft, that can pivot and rotate. 
Two-dimensional digital movement occurs on all of the displays. The screens housed 
within the object show the same information, the bottom screen being an interactive 
touch-screen and the screen above being a ‘dumb’ mirror display. When a person 
touches one of the ‘live’ buttons on the touch-screen’s graphical user interface, say 
‘Saturn’, the LED sign will physically rotate and point in the direction of the planet’s 
location at that time. Its digital interface will show the distance in kilometres from 
Saturn to Millennium Square. 
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The Space Signpost is located in the north-east corner of Millennium Square, a large 
public space in Bristol’s central Harbourside district that was part of an urban 
regeneration zone.  Millennium Square sits on a two-tier void that contains a public 
car-park, and is surrounded by buildings and structures which offer material 
indication of the myriad complex social relations that form this environment – 
echoing Lefebvre’s position that ‘social spaces interpenetrate one another and/or 
superimpose themselves upon one another’ (1991, p.86). Commodities, in the form 
of products, services and ‘experiences’, are exchanged within the buildings 
surrounding the Square’s perimeter, such as a casino, restaurants and discos, a 
private members gym, financial institutions, and an educational interactive science 
centre called At-Bristol which now ‘owns’ the Space Signpost and funds its 
maintenance. Positioned around the edge of the open square are a number of cultural 
objects, both decorative and functional. The most prominent objects are the 
Planetarium - a large polished steel faceted globe - two large rectangular ponds, three 
bronze representations of notable historical Bristolians, and a water fountain 
comprised of two large curved sheets of metal placed vertically in the ground. Also 
around the perimeter are varying information signage systems, including an 
information kiosk at the southern end of the Square, and other street furniture. The 
Space Signpost is part of this set of cultural objects, and as such inhabits the 
location’s edge, its periphery.  
 
The original concept was developed by Dr Adam Neiman, namely to create a fixed 
object that helps people to place themselves within a wider community context, and 
was called ‘Welcome to the Neighbourhood’. In 2002 it was submitted for funding to 
an educational research and development organisation in Bristol, named Futurelab, 
where I was founding Creative Director. The idea was developed employing a 
participant-informed design process. Social constructivist approaches to learning 
theoretically underpin the Space Signpost, in particular the notion of collaboration 
and learners as co-creators of their own knowledge. The physical articulation of the 
research and development phase became the ‘Space Signpost’. After the object’s 
construction the Space Signpost became a site of enactment whereby the process of 
continued and multiple re-enactments and practices help to produce the Space 
Signpost (Law, 2004). Therefore the interpretation of the object and the projections 
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of its future existence and meaning were no longer shared and confined between a 
small number of people; it was now in a public space, to be seen, experienced, 
interpreted and re-interpreted by many people in many ways. This case study 
explores these constitutive properties of enactment in order to inform understanding 
of the rich relationships between objects, subjects and contexts. 
 
 
5.2.  Research methodology 
I adopted a multisensorial approach to the ethnographic observations (Pink, 2007), 
and employed actor-network theory as a method to analyse the interactions between 
people and the Space Signpost; the notion of a provisional assemblage of 
heterogeneous actors being a sensitising concept that emerged from the Contextual 
Review. Once I had undertaken sufficient analysis of the collated data, I used the 
concept of anthropomorphism to write a poem from the perspective of the Space 
Signpost (Appendices, p.313-314). This poem was then used as a device to further 
analyse the data.  
 
Research methods 
The Research Methodology chapter discusses in greater depth the methods adopted 
for this case study, which were neither linear nor scientific. In summary, I employed 
traditional and experimental mixed methods that were primarily qualitative in nature: 
• Semi-structured interview with inventor of Space Signpost; 
• Photographic documentation of site and human interactions with the object; 
• Field observation: written documentation: employed quantitative and 
qualitative methods; 
• Personal interaction with Space Signpost interface; 
• Literature search; 
• Creative process: authoring a piece of creative writing as I seek to understand 
the relationships between the Space Signpost, its human users and its setting. 
For this activity I drew on Latour’s (1992) acknowledgement of 
anthropomorphism, whereby an object has been made by humans, gives 
shape to human actions, and can be seen as a delegate that occupies the 
position of a human. 
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The principal mode of gathering empirical data for this small-scale project was direct 
observation in a natural setting. A schedule was created for the three separate two-
hour observations undertaken in November 2009, to ensure rigorous recording of the 
data. A checklist was identified with some of the key events to be documented, e.g. 
how many people touched the Space Signpost, which objects they selected, and the 
times of interaction. I conducted the observations from an unobtrusive position so as 
to retain the naturalness of the setting, whilst able to view the whole area of action. A 
thick description of the Space Signpost and the ways in which users interacted with 
the object was produced – interacting is defined as people who directly touched the 
interface, people who accompanied or observed those operating the Signpost, and 
those who looked at it in operation as they passed. The data was collated and I 
undertook content analysis, which involved iteratively coding and classifying the 
data as meaning units emerged. Finally, the research design was open to unforeseen 
or unexpected circumstances, hence factors deemed of interest at the point of 
observation were accommodated, e.g. the object being broken during two 
observations, which limited the individuals or groups that I observed interacting with 
the object to 27 instances. 
 
  
Figure 19. Women explore the Space Signpost, Millennium Square, Bristol, November 2009 
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5.3.  Findings and discussion 
I live in a perpetual state of willingness and anticipation 
But, DO NOT press my screen as some act of pity, scurrying off after the 
charitable deed 
Creative writing excerpt, 2010 
 
As illustrated above, the Space Signpost is presented in space and time as a zone for 
encounter between person and machine. The object, as an interface, can be a place of 
active relations between things (human and non-human actors) that may comprise of 
any mix of sensorial, cognitive and kinaesthetic perceptions and behaviours. Being 
fixed in the periphery of Millennium Square, the Signpost is a cultural object and 
part of an intentionally configured space. It invites exploration and probing, offering 
a ‘perception of persistent possibilities for action’ (McCullough, 2013, p.101). 
Whilst some of the multiple physical expressions of diverse social relationships 
within Millennium Square are visible, they are not necessarily easily decipherable, 
nor are they the totality. In relation to the ‘hypercomplexity’ of social space Lefebvre 
posits that ‘each fragment of space subjected to analysis masks not just one social 
relationship but a host of them that analysis can potentially disclose. The same goes 
for objects …’ (1991, p88). The following findings and discussion are framed with 
these considerations in mind. 
 
Object testability and credibility 
On day one of the observational study 27 individual people or groups of people 
chose to interact with the Space Signpost, either by pressing a button on the graphical 
user interface (GUI) to operate the LED sign, by pressing the GUI to view digital 
information on the display screens, or by watching the Signpost from a distance. Of 
the 12 users who chose to operate the LED sign, the amount of times individual 
objects were selected is displayed in Table 10. It is apparent that the Sun (8 hits), 
Moon (6 hits), Earth’s Core (5 hits) and Pluto (5 hits) were the most commonly  
selected objects.  
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Table 9. Amount of times an object was selected during an observation, November 2009
 
 
 
Table 10. The objects selected first or second most often by unique users, November 2009  
 
 
 
The data reveals that the whereabouts of the first object selected by 7 of 12 users was 
known at the time e.g. sun, moon, earth’s core. The majority of users appeared to 
‘test’ the Signpost’s accuracy before choosing objects that they could not see e.g. 
Mercury, and where they would need to use abstract conceptual thinking and trust 
the accuracy of the Space Signpost. The finding suggests that the credibility, or 
truthfulness, of the Signpost and its transmitted digital information is an important 
factor for those who interact with the object. It also suggests that the object itself, and 
0 2 4 6 8 
Sun 
Earth's Core 
Figure	  10	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its location next to a science centre and within an ordered public square, maybe 
insufficient signifiers for the authenticity of the physical artefact or the accuracy of 
its digital information. An outcome of this research indicates that the notion of the 
Space Signpost’s truthfulness and credibility appeared to be an important factor for 
people when interacting with it. This suggests that the setting alone may not convey 
truthfulness. Therefore it may be useful for designers to consider how people can 
easily ‘test’ the accuracy of a physical-digital artefact in public space, and not to 
assume that associations with the surrounding objects or its setting will confer a 
status of credibility upon the object. 
  
	  
Figure 20. Space Signpost screen interface, Millennium Square, Bristol, February 2010 
 
In the act of verifying the apparent credibility or truthfulness of the information 
presented by the Space Signpost, in effect the authenticity of the socio-techno-
material assemblage was also being tested. For through an embodied interaction with 
the Space Signpost and the spatial setting, the human actor was making evident the 
actor-network to themselves and to any onlookers. By choosing to continue engaged 
action, the person was performing her trust in the assemblage. This practice could be 
interpreted as conferring a form of acceptance upon the technological object, as well 
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as an expression of a trusting relationship with the assemblage, however fleeting. In 
turn, this public display of acceptance could be interpreted as being a meaningful and 
socially sensitive interaction. The following excerpt from ‘Voice of the Space 
Signpost’ conveys a similar position: 
I am a performer. I’m Fred Astaire and whoever requests Venus, for that moment 
they become, without realising, my own Ginger Rogers. 
Creative writing excerpt, 2010 
 
Hence, during human-physical-digital artefact interaction, one could imagine a 
mutual ‘performance of acceptance’ by the human, digital and material actors in the 
network. Of course, this can be seen as a precarious reality as when the physical or 
digital actors in the assemblage are broken, the performance may be one of 
suspicion, frustration or even malice. Thus when developing conceptual frameworks 
and design methods for interaction design research, being attentive to the myriad 
performative and interpretive aspects of interaction in a social setting may be  
a useful factor. 
 
Embodied interaction: delight and discomfort 
The Space Signpost was created as an interactive object that transmits digital 
information associated with space. Its unique physical form was designed to enable 
humans to readily operate the machine and view the data it presents. As such, its 
form combined with user ‘intentionality, sensitivity and conditioning’ influence the 
behaviours and physical movements of people who interact with it (McCullough, 
2013, p.85). In addition, the information architecture of the computer system, 
available through the GUI, offers users routes through which they can access the 
digital information. However, despite the prescribed functionality and clear intents of 
this object, when its LED sign moves it often ends in a position that is not visible to 
the person standing in-front of the display screens.  
 
‘it's cool enough in and of itself, but honestly, when you hear and see the 
rotating, that's the best! 
 
Wow – noise!’ 
‘Pip’, 2014 
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As we can see from online ‘comment’ from Pip, the creaking sound of the LED sign 
moving calls people’s attention to its presence, otherwise it is likely that those 
interacting with the Signpost would be unaware of how their actions affect the 
object. To view the information displayed on the LED sign the user is often required 
to move away from the object. Moreover, if the sun is visible and the LED sign 
moves to a direction that is aligned to the sun, users were observed squinting or 
shielding their eyes with their hands in order to see the data being transmitted. These 
examples illustrate multisensorial full body interactions with the Signpost, and reveal 
that embodied interaction can stimulate delight or discomfort. This finding suggests 
that designers should be attentive to the potential for positive and negative 
multisensorial experiences for users interacting with physical-digital objects  
in urban settings.   
 
Tangible interaction 
Those who directly engaged with the Space Signpost appeared to be those visitors 
with time to dwell and explore. During the observations nobody photographed the 
Space Signpost unless they had touched it, whereas they photographed other iconic 
cultural objects nearby. This suggests that meaning may be placed on the Space 
Signpost once the user has felt the object. For example, data from day one noted that 
User 8 took photographs of every screen he selected for a total of 15 minutes. When 
overlooked by a young woman for two minutes his behaviour changed, and he no 
longer took photographs nor changed the screens at his previous pace. Later on, a 
group of students took it in turns to select planets over a period of five minutes, and 
commenced taking photographs of each other with the Signpost after two minutes of 
interaction. Casting photography as an expression of value, both of these examples 
may suggest that a meaningful user experience was afforded through physical 
interaction with the object, and that value was placed on their tangible interaction.  
 
Extended socio-technical relationships 
The Signpost’s design also caters for those not touching the object, but witnessing 
the interaction. Thus there is a deliberate expansion and abstraction of the experience 
of interaction. In so doing, the Space Signpost affords extended socio-technical 
relationships in its setting and is ‘welcoming’ of the observer. However, as illustrated 
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by User 8 above, the role of the observer may impede upon the experience of the 
user, and the person touching the Signpost may feel uncomfortable being watched. 
Furthermore, the actions of the observer may well be misinterpreted by others at the 
site. For example, an elderly woman standing 14 feet away from a schoolboy may 
not be considered negatively, but as a thought experiment, if their genders were 
swapped there may be onlookers for whom the scene would be interpreted negatively 
(Fig. 21). This finding suggests that those designing future physical-digital artefacts 
for the public setting should be sensitive to the cultural life of the location. 
 
	  
Figure 21. A woman watches a boy interact directly with the Space Signpost, Millennium 
Square, Bristol, November 2009 
 
Functional and creative tool 
Revisiting Law’s notion that multiple re-enactments and practices produce the object, 
the Space Signpost can be seen to be appropriated in ways never envisaged by its 
designers e.g. inspiring creative expression or as a functional tool. The Signpost was 
used as the inspiration for creative writing (kokeshi and KatS, 2009), and as a tripod 
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in order to take a photograph (Fig. 22). These unintentional but apparent 
transformational or transitional relationships with the Space Signpost can be seen to 
have produced a hybrid object whose new and expanded functionality will 
potentially contribute to an ambiguous identity. Hence its persistent presence does 
not mean it is in a stable state. Moreover, being subject to a dynamic process of 
simultaneous interpretation and re-interpretation through interaction suggests that 
restless and mutable actor-networks may also be at play around the Space Signpost. 
This finding highlights our transitional socio-cultural relationships with and through 
technological artefacts, and leads us to consider how we understand and approach a 
layered and unstable context when designing future computational objects for 
increasingly ‘smart’ cities (2006).  
 
 
“Actually, maybe this would have been better if it found taxis? Or had 
targets like "dignity" or "future"?”  kokeshi 
“Tiny destiny compasses could be upset with the Magnets of Prayer. These 
can also be used in pairs to make Calvin roll in his grave.”  Kat S 
 
“...which, if suspended in a sufficient quantity of looped copper wire, could 
provide enough energy to light all of Zone 3 for a week! 
 
This was to be the first step in a "Prayer Power" platform that eventually 
harnessed the population's previously futile calls to heedless deities for 
good, powering kettles and street lighting with the energy expended on 
supplications to a cruel and fickle godhead.”  kokeshi 
 
“We'll let the signpost point the way. 
 
That could be a song. 
 
Jesus Christ is ris today 
Hallelujah! 
The living signpost that points the way 
Hallelujah! Lord! Hallelujah!”  Kat S 
 
“=] brilliant”  kokeshi 
kokeshi and Kat S., 2009   
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Figure 22. Space Signpost, Flickr Hive Mind (2008) 
 
	  
Figure 23. Image of the Space Signpost in motion, accessed from Flickr.com, Wells (2010) 
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Broken network: acceptance? 
The observations on days two and three were limited due to the object not 
functioning as intended. However, the object’s brokenness became a part of the site 
investigation. In particular it was noted that when the object gave the impression of 
functioning, i.e. its visible state appeared to signify that it was working, people 
would attempt to use it for durations of between 20-30 seconds before leaving. This 
apparent readiness and preparedness for action echoes the words from my creative 
writing piece, ‘I shall remain poised, keen, ready to charm and embrace’. On three 
occasions it appeared that the users had previous knowledge of the object and its 
offering, hence they approached it directly, with an assured familiarity and usually 
with company. At which point they would confidently attempt to use the touch-
screen, the object’s appearance conveying that it was functioning, and once they 
realised the object was not working, they would leave without apparent 
disappointment. This begs the questions: 
• Are the users so familiar with the object that through habituation or habitual 
practice they know it is often not working as intended?  
 
• As a part of our everyday lives are we so used to hacking, lost signals, low 
batteries, no wi-fi and banal technological disruptions and disjuncture that we 
simply accept the brokenness of certain tropes of technological objects?  
 
• Does this socio-technical gathering undertake a performance of 
disconnection?  
 
 
	  
Figure 24. Tags from Flickr.com, kokeshi (2007) 
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Figure 25. Title of Space Signpost image on Flickr.com, synx508 (2008) 
 
 
	  
Figure 26. Space Signpost is in a Flickr.com photostream: ‘Public Computer Errors’,  
1,538 images, 1,028 members. Wagstaff (2014), Hall (2014), mkorsakov (2014). 	  
When any part of the human-object-digital information relationship is inactive, or 
malfunctioning, the Signpost does not perform. Therefore, might the fallibility of the 
object, its inaction or brokenness, be seen as an agent in its authenticity? The Space 
Signpost’s perceived imperfection is illustrated online (Figs. 24-27), it is described in 
an online discussion as looking “a bit like a wonky icon for a microphone”, and my 
own creative writing suggests: 
I am rooted, exposed, ready to perform. At once unique and familiar.  
I belong to one, to many, to all. 
My strength is my vulnerability. 
 
Therefore, revisiting the finding that suggested people often seek ways to verify the 
truthfulness of information presented by the Space Signpost, might interaction design 
researchers embrace technology as being inherently fragile or flawed? In this way the 
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frame of fallibility or vulnerability can be used to generate conceptual and practical 
design methods and techniques for exploring and producing potentially credible and 
truthful physical-digital artefacts for future social urban settings. 
 
	  
Figure 27. Space Signpost image in Flickr.com, Pip (2009) 	  
 
“In space, no one can hear yoERROR” 
 
Pip, 2009 
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Figure 28. Space Signpost image in Flickr.com, Gibson (2008) 
 
 
‘I've been wanting to do a picture of the Space Signpost moving about at 
night, but it was broken for ages.’  
Gibson, 2008 
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5.4.  Conclusion 
My investigation of the Space Signpost proved productive and illuminating as it 
stimulated valuable insights and provoked interesting questions. The study certainly 
showed how Suchman’s assertion that ‘the artefact’s design as such does not convey 
unequivocally either its actual or its intended use’ holds relevance for the Space 
Signpost, as the object itself is continually being interpreted and re-interpreted by 
those it encounters (1985, p.18). Whilst many insights emerged from my analysis of 
the data e.g. the potential value of multisensorality as a design consideration, three 
themes in particular seem important when considering this physical-digital artefact, 
namely credibility, brokenness and the social setting. 
 
As I was already familiar with the Space Signpost I held certain assumptions about it, 
and about those who interacted with it. Prior to undertaking this study I would be 
perplexed if I saw the Signpost pointing to the Sun, or to the Earth’s Core, as I would 
see this as a lack of imagination on the part of the user – ‘Don’t you want to see 
where the Space Station is, or Mercury?’ However, the findings suggest that a person 
does not necessarily encounter the object with an inherent sense of trust, rather that 
she wishes to test the accuracy of the object before investing time in it. Therefore it is 
not a lack of imagination that is signified by the LED sign but critical engagement 
with the technological object, for neither the object itself nor its setting convey 
satisfactorily to users that the Space Signpost is credible. Hence, given the apparent 
importance of truthfulness to those observed, providing opportunities for people to 
test the accuracy of future technological objects in outdoor public space may be an 
important design challenge for interaction designers.  
 
I admitted earlier to misinterpreting the interactions of others with the Space 
Signpost, and reading those encounters unfavourably. This case study has 
highlighted to me the vast array of visible social interactions with the Signpost, and 
therefore some of these multiple and mutable interactions may also be misinterpreted 
by others. Indeed, I gave the example of User 8 who changed his behaviour with the 
Signpost when observed by a young woman standing nearby, and I offered a thought 
experiment related to users’ gender and age as they interacted with the object. As we 
have seen in the way that people chose to use the environment to test the credibility 
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of the Signpost’s data, the social setting provides opportunities to extend the ways 
that the objects function and interact, but it also affords the potential for negative 
connotations or even harmful actions if people’s actions are misinterpreted. Thus, 
when designing physical-digital objects for the public setting we should be sensitive 
to the cultural life of the location. 
 
For two of the three observations the Space Signpost was not in operation due to 
technical faults. Necessarily, but fruitfully, this led me to explore its brokenness from 
multiple perspectives. In so doing I witnessed different performative and interpretive 
aspects of human interaction with the ‘faulty’ Space Signpost, and noted the online 
creative expressions regarding its broken state, e.g. ‘In space, no one can hear 
yoERROR’, and ‘I've been wanting to do a picture of the Space Signpost moving 
about at night, but it was broken for ages’ (2009). This led me to question our 
familiarity with computational objects being out of order, and whether associated 
themes of fallibility or vulnerability might be considered as a strength or virtue for 
conception or application. 
 
Finally, the research suggests that this nascent stage of ubiquitous computing and 
technological objects located in the urban outdoors offers a layered, provisional, 
restless and uncertain context for design research, which is likely to become more 
complex as materials, technologies and systems advance. Hence, in order to develop 
my understanding of the environment within which future physical-digital artefacts 
will operate, the following Pelican Crossing and Big Screen – Live Site case studies 
will investigate socio-material aspects of the outdoor spatial setting. 
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PELICAN CROSSING CASE STUDY 
 
 
 
	  
Figure 29. Pelican Crossing, Park St, College Green, Bristol, September 2015 
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In order to investigate human interactions with technological objects in relation to 
their wider spatio-material environments I selected to study the Pelican Crossing on 
Park Street, in College Green. The following questions were posed:  
• How does the materiality of the spatial setting contribute to the context of 
encounter? 
 
• What behavioural interactions are displayed between human and non-human 
actors during the physical performance of crossing Park Street? 
 
Unlike the Space Signpost which is a unique object, for this study I chose a Pelican 
Crossing as it represents a familiar piece of ubiquitous street furniture that is part of a 
wider network of pedestrian crossings. A Pelican Crossing may be either a 
standalone piece of technology, or it may be part of a wider networked traffic 
signalling system. For the intents of this study I was interested in human interactions 
with mundane technological objects found in the urban outdoors. Thus, whilst it 
would have been possible to observe a newly installed ‘smart’ Puffin Crossing in 
central Bristol, because that object and its functionality would have been novel to its 
users it was inappropriate as a site of study.  
 
For the next section, firstly I provide some contextual background about Pelican 
Crossings and offer a brief overview of the College Green site. Secondly, I outline 
the research methodology employed, after which I give an account of the findings 
and discussion from this case study. Finally, a set of conclusions is drawn which 
include recommendations for the investigation of the further two case studies. 
 
 
5.5.  Pelican Crossing: background 
The first Pelican Crossing was erected in Westminster in 1969, and its name stands 
for Pedestrian Light Controlled Crossing. The Highways Agency is responsible for 
authorising all Pelican Crossings placed on the public highway, and the Department 
for Transport (DfT) grants statutory approval for all traffic signal control hardware. 
Although the Pelican Crossing may appear to be an homogenous object, in fact 
Pelican Crossings have limited variability depending on the context of their location. 
There are a set of standards for the design and placement of the objects themselves, 
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their functionality, their material settings e.g. ‘skid resistance surfaces’, and their 
systems. For instance, the following excerpt from a Transport for London (TfL) 
document illustrates the opportunity to decide whether or not to install the Pelican 
Crossing’s sound function: 
‘Design standards: Push Buttons, Audibles and Tactiles 
4.2.1 All single crossings should be provided with both audible and tactile 
facilities. However if the highway authority do not want audibles fitted, 
because they are socially unacceptable, they can be arranged to switch 
off at night by means of a time switch, or, providing tactile facilities are in 
place, they may be omitted.’ 
Department for Transport, 2002, p.42 
 
Today, Pelican Crossings are part of a network of Pedestrian Crossings that are 
familiar across the UK, e.g. Puffin, Zebra and Toucan Crossings. Some of these 
systems include pedestrian detection technology, e.g. above ground vehicle 
detection, above ground on-crossing pedestrian detectors, infrared detectors, and 
intelligent traffic signals, all of which must adhere to DfT specifications, as 
illustrated below:  
‘2.2.1 Traffic Signal Controllers (Junction / Pelican / Puffin / Toucan) 
conform to the latest issue of TR 2500 “Specification for Microprocessor 
Based Traffic Signal Controller”.  
Gloucestershire County Council, 2012, p.18 
 
The Department for Transport’s ‘Puffin Crossings: Good Practice Guide – Release 1’ 
states that the department intends that ‘Puffin pedestrian facilities will become the 
standard form of provision of signalled pedestrian crossings’ (2006, p.7). In fact, 
Puffin Crossings are being installed in Bristol in preference to Pelican Crossings as 
part of Bristol’s ‘Joint Local Transport Plan, 2011’ that places pedestrians and 
cyclists at the top of its hierarchy of users (Joint Local Transport Plan, 2011). 
However, as illustrated in the TfL document below, the technical aspects of the 
Puffins have been problematic: 
 
‘One disadvantage with Puffin crossings has been problems with unreliable 
detectors, particularly kerbside detectors…Both these faults can lead to an 
increase in pedestrian non-compliance, possibly leading to false conclusions 
regarding the safety of this type of crossing.’ 
Kennedy and Sexston, 2009, p.16 
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In part, it is the range of human behaviours demonstrated when using a pedestrian 
crossing, including ‘pedestrian non-compliance’ as described above, that this study is 
interested in investigating.  
 
As mentioned in the introduction, the site of investigation is the Pelican Crossing in 
College Green. It was chosen because of its persistent and familiar presence, and 
because it represents an everyday object with which people interact. College Green is 
public open space situated in central Bristol, surrounded by a number of buildings, 
e.g. Bristol Cathedral, City Hall, Lord Mayor’s Chapel, Central Library, the Marriot 
Hotel, and various retail shops. It is a destination for people to gather, e.g. groups of 
skateboarders, as well as a location through which many people travel.  
 
 
5.6.  Research methodology 
The investigation of the Space Signpost used actor-network theory (ANT) as a key 
conceptual tool to frame the case study, thereby placing material, digital and human 
actors as a relational and provisional assembly. ANT proved a useful tool for 
levelling traditional divisions between heterogeneous actors and exploring 
relationality and materiality (Law, 2006). It also proved a generative device for my 
creative exploration e.g. creative writing piece. Therefore for the objectives of this 
second case study, the concept of actors in a provisional assemblage was maintained. 
However, whilst ANT helped to frame and interpret these webs of associations, I felt 
it was an insufficient method to study the Pelican Crossing and its College Green 
setting, and there was a need to incorporate a wider set of research methods and 
concepts. For, this investigation sought to explore the socio-spatial context of 
interaction, and the physicality of the street surfaces. To do this I adopted the 
‘materiality’ approach that was a sensitising concept from the Contextual Review, 
and employed the creative method of ‘reading material surfaces’ that I developed in 
the Scoping Study. As a study that adopted inventive methods, naturally, at any stage 
that I felt a creative response or design intervention was appropriate,  
it was undertaken. 
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Research methods 
An intention of this research was to create a space for personal engagement with the 
site, and to develop rich understanding of the behaviours of people in the natural 
setting, in a way that required conscious focused attention. Thus, I adopted a 
‘multisensorial’ approach to understanding the environment (Pink, 2007). As an 
embedded ethnographer, I undertook four direct observations of phenomena in the 
natural setting: two observations of user behaviour at the Pelican Crossing; a visual 
inventory of materials and artefacts within College Green, and an aural observation 
of College Green. The mixed research methods were qualitatively oriented, with 
empirical data gathered through photography, video recording and written  
field notes.  
 
A schedule was created for the Pelican Crossing observations to ensure that the data 
was recorded systematically. A checklist was identified with some of the key events 
to be recorded and analysed, e.g. how many people touched the Pelican Crossing, 
how many participated in each unique crossing, and the sequence of events. When 
analysing the largely unstructured data, I chose a 15% descriptive sample size as I 
was undertaking qualitative research and therefore looking at different user 
behaviours. I observed 275 people undertake 69 unique crossings. Once I started to 
see repeated behaviours I stopped describing the data. I used two methods of data 
analysis, a descriptive narrative of each user and identifying user action within the 
system sequence. The visual and sound data gathered from the other two 
observations in College Green were analysed separately using open coding, with 
concepts and categories emerging during the process that were periodically  
cross-referenced. 
 
Having undertaken analysis of the data and developed rich concepts, I felt creatively 
satiated and inspired to further my exploration of the relations between the Pelican 
Crossing and people. As such, adopting the concept of anthropomorphism that I first 
employed with the Space Signpost case study, I wrote a poem from the point of view 
of the Pelican Crossing (Appendices, p.314). Subsequently, I used this piece of 
creative writing to help my analysis of this case study. 
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5.7.  Findings and discussion 
The following section describes the findings that emerged from the analysis of the 
data, starting with human encounters with the Pelican Crossing, before going on to 
discuss multiple simultaneous networks and the fluidity of the spatial setting.  
 
Pedestrian interactions: Pelican Crossing’s visual and aural properties 
The act of pressing the Pelican Crossing’s button starts a limited sequence of visual 
and aural events that is intended to control the flow and movement of people and 
vehicles, and suggests a particular pattern of human-object interactions. For example, 
people would cross the road when the red pictogram was illuminated (Table 11), as 
well as when the green pictogram was lit (Table 12).  
 
Table 11. Pelican Crossing user behaviour observation: Users F and G, 29 October 2010 
User action Description Pictogram Traffic 
lights 
User G presses 
button 
Presses CG-side button 
determindly, keeps pressed for 1”.  
Looks at traffic. 
Red  Amber 
flashing 
User F  
 
User G initiates 
crossing 
Initiates crossing as car travels 
across on the other side – User F 
runs across, veers left and moves 
out of pedestrian marks. 
Looks left and right from curbside.  
Starts crossing as User F ½ across.  
Red Green 
 
Table 12. Pelican Crossing user behaviour observation: Individual user, 29 October 2010 
User action Description Pictogram Traffic 
lights 
Press button  Walk to T-side curb and press button 
on signal box nearest.  WAIT text 
already illuminated, but still presses 
button.  
Red man Green 
Looks at traffic Slight movement of head, keeps head 
looking mainly straight ahead. 
 Amber 3” 
   Red 
Walks forward Slight head movement to the right. 
Walks across the road. About ¾ 
across veers to the right in the 
direction of her journey and cuts 
away from the painted road markings. 
Green Red 
  Green flashing Amber 
flashing 
  Red  Amber 
flashing 
   Green 
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When the green pictogram started to flash, a few people began their crossing, such as 
User H in the observation below, whereas others stopped and waited at the curbside: 
 
User H walks out of Tesco whilst green pictogram lit and beep audible.  Looks to 
nearside stationary cars and tips hand to them – as ‘thanks’ or ‘recognition’ as he 
initiates walk on empty crossing. 
Excerpt from field notes 
 
 
The data showed that human interaction with the Pelican Crossing sometimes 
happened before the pedestrian arrived at the curb side:  
Woman 11 and Man 10 are alerted to the opportunity to cross the road by the audio 
beep.  They are walking together on the CG side when they hear the beep, and the 
woman points across her body with her left arm towards the crossing, as she does so 
she rotates her body and moves in front of Man 10, directing him towards the 
crossing.  They both cross the road. 
Excerpt from field notes 
 
 
As evidenced above, the audio beep, which is active when the green pictogram is 
illuminated, appeared to act as a siren to Woman 11 and Man 10 who were alerted to 
the opportunity to cross the road as they were walking along the pavement. They can 
be presented as ‘opportunist’ pedestrians, who had not planned to cross the road at 
that point, but who took the chance to do so when it was ‘announced’ aurally. As we 
can see from the data, in order to cross the road, pedestrians demonstrate multiple 
types of interaction with the limited dynamic visual and aural functionality of the 
Pelican Crossing.  
 
Pedestrian paths across the road 
All of the 125 pedestrians who crossed the road during the three observations started 
their crossing within a span of approximately nine feet; the majority were on foot, 
three rode bicycles and one was in a wheelchair. Yet the span at which the 
pedestrians finished their crossing was approximately 24 feet, almost three times 
wider. This significant variation was due to 83 pedestrians walking diagonally across 
the Pelican Crossing at some point in their journey, and at times choosing to travel 
outside of the painted road markings that defined the prescribed crossing. Therefore, 
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when on the move, some users choose to stray from the defined borders of the 
Crossing as they engage with its components, behaviour described earlier as 
‘pedestrian non-compliance’ (Kennedy and Sexston, 2009). Whilst their actions can 
be viewed as defying the prescription of a limited control system, another perspective 
would understand the effective expansion of the Crossing’s edges by human 
interactions, to be evidence of an open system that enables various types of 
successful engagements with it.  
 
Pedestrian interaction with wider system components 
Whilst I noted that people appeared to use elements of the Pelican Crossing in 
different ways, the data revealed that their interaction behaviours extended to 
properties beyond those inherent to the Crossing itself. For example, in the notes 
below, a pedestrian appears to influence another’s use of the Crossing before 
eventually he checks the status of the Crossing’s pictograms. 
 
Man 9 presses the button, looks at money in his wallet. Woman 9 stands four feet 
away attentive to traffic, looking left and right.  Man 9 occasionally looks up in order 
to check traffic. Woman 9 steps forward – one step - triggering Man 9 to move 
forward – one step.  Woman 9 stops and Man 9 looks at pictogram ahead and stops 
too.  Both step back and continue their behaviours as before. 
Excerpt from field notes 
 
Often, pedestrians waiting amongst others were observed surveying the traffic in 
either direction before initiating their crossing, continuing to do so as they undertook 
their journey. Furthermore, people crossing on the College Green side at night were 
able to see clearly the light from the traffic light lenses reflected in their protective 
plastic shields, thus were able to use the traffic lights as indicators of the system’s 
cycle. Therefore whilst the Pelican Crossing is considered to offer a uniform or 
standard experience across the UK, other factors in its environmental context 
contribute to a pedestrian’s encounter with the Crossing. Upon occasion, human 
interaction with objects outside of the prescribed system interface may be a 
mechanism for ‘checking’ the credibility of its information against other related 
factors, thereby testing the truthfulness of the object. This echoes and validates a 
conclusion from the Space Signpost case study, and suggests that the credibility of a 
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physical-digital artefact is an important concept for human-technology interaction  
in public space. 
 
Pedestrian inattention to the Pelican Crossing 
The different ways that people interacted directly with the Pelican Crossing and its 
wider system have been noted, but sometimes users of the Pelican Crossing appeared 
inattentive to it, e.g. Man 11 was committed to a different network, that of mobile 
telephony. As he waited at the Tesco curbside his interest appeared to be on the 
screen of his mobile phone, and when he crossed the road he put the phone to his ear. 
The data reveals that 24 pedestrians standing alone at the Pelican Crossing chose not 
press its button to activate the interactive properties of the system, instead they 
surveyed the traffic before traversing the road. Thus they chose to use the wider 
dynamic elements of the ‘system’ productively without activating the digital 
properties of the Pelican Crossing itself. My piece of creative writing below 
illustrates the tension between the persistently ordered functions of the Crossing, and 
the ‘mayhem’ of the users’ behaviours: 
“Who will turn up? I never know. 
Tap, tap, tap. No one notices. 
They start, it’s mayhem, no order, no score. 
I persevere, hopeful a melody will emerge. 
 
I despise jazzzzz.” 
Excerpt from creative writing 
 
As a ‘sanctioned’ crossing place, the data has revealed that users are able to 
circumvent the object’s interactive technological properties and employ external 
factors in order to traverse the road successfully. This evidence develops and extends 
an earlier finding that suggests that despite its ‘closed software system’, the stable 
and static Pelican Crossing can in fact be presented as an open system, for it enables 
various types of successful human engagements with it through an on-going process 
of unscripted interpretation and reinterpretation.  
 
Alternative networks 
It became apparent when studying the photographs containing lettering located in 
College Green, that the Pelican Crossing can be presented as being connected to 
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various other types of local objects and cultural phenomena, e.g. signage and 
wayfinding systems, aural warning systems, and representations of authority and 
control. In addition, the photographic data revealed a number of digitally enabled 
objects situated at the site, e.g. an interactive bollard that allows entrance to the 
Council House, and digital signage at a bus stop displaying the number, destination 
of buses and minutes to wait for their arrival. These fixed objects can be presented as 
relating to the Pelican Crossing as they all inform human movement through the city. 
Although at present each of these objects functions in isolation from the other, 
looking to the near future when technological objects in public space have the 
potential to co-operate, an opportunity arises for interaction design research to 
develop approaches that afford a productive mutuality amongst the actors present. 
 
Patterns, grids and cracks  
The myriad material surface patterns that make up College Green at ground level are 
both constructed and natural. The man-made patterns are mostly geometric grids, 
such as the layout of paving slabs, however, cracks and voids will develop within the 
material itself due to factors including physical properties and faults. These 
temporary material absences are often supplanted by alternative substances e.g. grit, 
paper, moss or seedlings. Sometimes paint from road markings seeps into the defined 
or accidental spaces and eventually forms its own cracks. Hence layered spaces 
emerge, are filled and then further spaces develop. More unintended patterns occur 
from natural organisms growing and changing shape, and as people use the space, 
e.g. from oil drops soaking into the substrate and creating marks. These unplanned 
and ongoing material transformations of the setting thus produce evolving and 
dynamic surface patterns over time. When reflecting upon the collection of images of 
grid structures produced at College Green by employing the ‘reading material 
surfaces’ method that I developed previously, it became apparent that each grid 
represented a separate civic or commercial decision-making system, whether 
independent, inter-dependent or redundant. This insight resonated with the Scoping 
Study that highlighted how political and economic history is inscribed into street 
surfaces. As such, perpetual and unpredictable socio-economic interconnected 
networks and ongoing material transformations can be considered as contributing to 
the spatial state of College Green. 
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5.8.  Conclusion  
This study of the Pelican Crossing and its spatial setting provided important insights 
into its significance as well as its usage. The case study revealed useful quantitative 
data, such as how many people cross a road outside of the defined area, and it 
validated a finding from the earlier Space Signpost case study. Moreover, analysis of 
the data also stimulated fresh ways of framing the Pelican Crossing, which may be 
useful for starting to address Dourish’s desire that we radically alter our conceptions 
of future technological artefacts and systems, noted in the introduction of  
this chapter.  
 
The research revealed, akin to the Space Signpost, that the validity of the information 
offered by the Pelican Crossing was often questioned by its users, e.g. before acting 
upon the object’s instructional signals people would test the accuracy using external 
factors. People used visual and auditory cues, such as beeping from the object itself 
or sounds of vehicle engines, to interpret the state of the Pelican Crossing and judge 
if it was safe to use. Therefore, the multisensorial spatial setting plays an important 
part in the interpretation and use of the object. This finding validates the conclusion 
from the Space Signpost that designers should consider how users can easily test the 
accuracy and credibility of future physical-digital atefacts in outdoor spaces, and 
reminds us to consider multisensorial approaches . 
 
A creative outcome from this case study was the poem I wrote as ‘the voice’ of the 
Pelican Crossing. The poem placed the Pelican Crossing as a conductor of an 
orchestra, and the public as musicians. Whilst the highly trained conductor knew the 
score and thus the roles of each musician, the musicians that turned up were usually 
skilful jazz players, and thus familiar with their own improvised methods and very 
different interpretations. This poem acts as a metaphor for the top-down closed 
system of the Pelican Crossing’s fixed operational sequence and the open actions of 
the users that transgress its operational boundaries. The pedestrians often employ 
factors outside of the designed system, thus demonstrating a ‘higher knowledge’ of 
the system than the system itself. Moreover the spatial state is constantly changing, 
hence users of the object operate within an unpredictable environmental context. 
Therefore the designed closed system of the Pelican Crossing, when interacted with 
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by humans, becomes part of an expanded and diffuse perpetually forming system 
through enactment, i.e. an open system. This suggests that the spatial setting may 
significantly impact upon the way we conceptualise future technological objects and 
their systems.  
‘Ubicomp’s efforts informed by a situated action also emphasize 
improvisational behaviour and would not require, nor anticipate, the user to 
follow a predefined script…the system would aim to add knowledge to the 
world…hence an emphasis on continuously updated peripheral displays.’ 
Abowd et al., 2002, p.54 
 
Importantly, the peripheral displays to which Abowd et al. refer in their discussion 
about situated action, may be unnecessary as our material world at-hand is already 
part of the system and ‘adds knowledge to the world’ (2002, p.54) Therefore, this 
case study highlights that when designing physical-digital artefacts for location in the 
urban outdoor setting, we should be reading all the signs in urban space as a 
connected grid of meaning, whether digitally augmented or not. 
 
My detailed material investigation of the College Green environment revealed the 
setting to be in perpetual and unpredictable socio-economic and material flux, and 
the findings suggested that this perpetual transformation should be viewed as part of 
the spatial state. Therefore, when considering the setting as provisional, and adding 
to this the insights regarding multiple simultaneous assemblages and the number of 
existing objects already imbued with computation, stimulated me to think about a 
future where there is a productive mutuality between the gathered objects and 
humans. However, any account or vision would have to be non-totalising. 
 
 
This case study afforded me the opportunity to employ both established methods of 
research alongside novel creative methods. In doing so I was able to use data 
collected through these mixed methods to generate abstract concepts about our 
relationships with future technological objects and systems, as well as to uncover 
practical insights for design application. Thus far both studies have involved people 
who are travelling through a space, as opposed to the site being their destination. 
Therefore in order to ensure that I gather as much relevant data as possible to inform 
the development of the resources for design research, it is important to research 
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social interactions amongst groups of people, materials and technology who are 
stationary in a setting. Furthermore, this study revealed that physical-digital systems 
are part of myriad simultaneous interconnected networks. In addition, verifying 
findings from the Space Signpost, it also illustrated that people are ‘non-compliant’ 
and improvise when encountering a system, as such demonstrating a higher 
knowledge of the sytem than that ‘understood’ by the designed system itself. This 
creates new provisional assemblages that extend beyond the human and non-human 
actors of the system. Hence, the theme of interconnected networks will be 
investigated in a future case study. 
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BIG SCREEN - LIVE SITE CASE STUDY 
 
	  
Figure 30. Big Screen – Live Site, Millennium Square, Bristol, July 2012 
 
 
 169	  
‘… key national moments such as the recent Royal Wedding have united the 
nations at the Live Sites.’  
LOCOG (2011) London 2012 Live Sites. 20 March 2011  
 
This case study concentrates on the programmable large-scale urban screen situated 
in Bristol’s Millennium Square. The screen was chosen as an object of study because 
it is an example of spatially contingent urban computing that is specifically designed 
to be socially integrated for cultural purposes. Although a fixed local object, its 
digital nature gives the Big Screen flexibility, e.g. the types of content it broadcasts 
and the social and spatial connections it mediates. By observing the moment-to-
moment actions of people in Millennium Square, I gained insights regarding 
contemporary urban sociality and the concept of evolving hybrid spaces in today’s 
networked society. In addition, my adoption of a multisensory approach that 
privileged sound developed my understanding of the socio-material and technical 
dimensions of the urban outdoors. 
By shining a spotlight on three discrete sporting events that were broadcast using 
Bristol’s Big Screen in the summer of 2012, this study focuses on everyday social 
practices in a public outdoor setting. In doing so, it aims to: 
• explore how people use outdoor urban space when attending a cultural event 
enabled by a physical-digital artefact; 
• develop insights pertaining to spatiality; 
• investigate ‘multisensorality’ as a research method through a focus on sound. 
In the first two case studies I employed the sensitising concepts from the Contextual 
Review (assemblage, embodiment, materiality and multisensorality) as research 
approaches and found them to be relevant and generative. For the purposes of the this 
case study, Big Screen – Live Site, I plan to use the ‘multisensorality’ approach to 
investigate sound in the social setting, and the ‘assemblage’ approach to continue to 
explore the multi-layered and provisional relationality of interactions between human 
and non-humans in public space. In addition, the Pelican Crossing study conducted 
in 2011 sensitised me to people’s uses of smartphones, and as they are increasingly 
pervasive mobile physical-digital objects, for this study I turned my attention to their 
possible inclusion within networked assemblages.  
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Here I give a short descriptive account of the Big Screen - Live Site. I go on to 
present a summary of my research approach and methods - a fuller account of which 
is located in Chapter 3. Lastly, I discuss the findings before providing a set of 
conclusions.  
 
 
5.9.  Big Screen – Live Site: background 
The Big Screen is a 25 metre LED screen located in Millennium Square, Bristol. In 
2008 it was fixed to the side of the At-Bristol science centre, and is one of 22 screens 
located in urban sites across the UK. Each screen is managed by a group of 
organisations comprising of a local council, the BBC, and initially, the London 
Organising Committee of the Olympic Games (LOCOG). The Bristol Big Screen 
represents part of the legacy from the London 2012 Cultural Olympiad. An aim for 
the screens is ‘to become a focus for live events as well as a place for films, 
animations, digital art, photographs and interactive art to get a proper public 
viewing’ - all of which must be submitted to and approved by the BBC beforehand. 
When the Big Screen is the focus of an event that animates the site, it becomes 
known as a ‘Live Site’ (Bristol City Council, 2012). 
 
	  
Figure 31. Bristol City Council website, promoting Big Screen – Live Site events programme, 28 
February 2015 
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The Big Screen Manager from Bristol City Council (BCC) and the Big Screen 
Producer from the BBC, determine the programming of the screen, with a page on 
the Council’s website communicating the schedule (Fig. 30). The Big Screen also 
has a social media presence which on 18 August 2014 comprised of: email address; 
facebook page, liked by 275 including ‘Big Screen Bradford’; twitter account with 
750 tweets and 550 followers, and it can be located on Google Maps. Generally, the 
screen broadcasts BBC News and Weather feeds and other content as described 
above, with a low volume that ‘has been set in line with environmental health 
guidelines’. However, when a ‘Live Site’ is animated, a range of ‘community-
binding’ content is broadcast, e.g. a royal wedding, the volume from the screen’s 
speakers is increased, and material objects associated with the content are selected 
and placed in front of the screen e.g. during the Wimbledon Final the BCC provided 
deckchairs, tables, Astroturf, large bean-bags, as well as a cordoned off area for 
people to play tennis. Together, the collection of material objects and the images and 
sounds from the screen signify the intended performance of the site, and encourage 
types of communal audience behaviours. 
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Figure 32. Images from Big Screen – Live Site observations, Millennium Sq., Bristol, July 2012 
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5.10.  Research methodology 
I adopted a research as participation approach which is fundamental to a 
multisensory ethnography (Pink, 2007, p.82). By privileging hearing as a dominant 
sense during my observations, the study acknowledges different modalities of 
sensory experience and uses the site’s ‘soundscape’ to investigate people in their 
environments, and to consider how we might conceive of current and near-future 
urban space. Through bringing a non-visual sense to the fore, I am actively 
recognising my own bodily sensed knowledge, as well as acknowledging the 
everyday multisensual embodied engagement with the site of those people I am 
observing. 
 
Research methods 
Three observations were conducted at Bristol’s Live Sites on 8th, 25th and 28th July 
2012. Each two and a half hour observation related to a sporting event being 
broadcast on the Big Screen. The times of day and types of sports were chosen in 
order to see how, and if, people’s behaviours and activities differed depending on 
different contextual environments. Whilst three observations were initially deemed 
sufficient to capture valuable data, the investigation’s research design allowed for 
additional observations should more be required. 
 
A case study method was appropriate as it spotlights single instances, focuses on an 
individual research site, and enables the researcher to use various types of data and 
research methods. As with each of the case studies, multiple methods were 
employed: 
• Field observation: photographic documentation: photographed the 
Millennium Square site during three separate events; 
• Field observation: written documentation: employed a ‘thick description’ 
method over periods of two and a half hours each, paying particular attention 
to behaviours and sound; 
• Literature: Bristol City Council documentation available online, additional 
websites and social media services, and printed documentation referencing 
the screens e.g. Legible City. 
I relied on qualitative methods of observation, documentation and interpretive 
analysis to determine, from the empirical data, the significant categories that support 
exploration of the research questions.  At the site I placed myself in the same four 
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locations at points within each observation and also, from time to time, walked 
around the periphery of the square in order to view the ‘gathering’ from a distance. 
The method aimed to capture multiple behaviours and interactions, as well as adopt a 
multi-sensorial approach. Once gathered, the units of data were analysed and an 
initial coding system was developed; through a process of iterative data analysis and 
interpretation, findings and conclusions were extracted. 
 
5.11.  Findings and discussion 
In this section the findings highlight a number of ways in which sound from the Big 
Screen affected Millennium Square and the actors present, and illustrate how 
soundscapes are part of the immediate and experiential nature of material culture 
‘within which everyday lives are lived, and social lives are created, re-created and 
modified’ (Miller, 1998, p.43). Privileging the auditory sense as part of the field 
observation was a generative and productive method of investigation, stimulating a 
number of themes related to social behaviours and spatiality. The final categories are 
as follows: 
1. Materiality of interwoven sounds; 
2. Prompting performance; 
3. Relational objects; 
4. Object malfunction: warbling anthems;  
5. Fraying boundaries. 
 
Materiality of interwoven sounds 
 
‘… all soundscapes are dense, multilayered, overlapping, alternating and 
interlocking.’ 
Feld, 1990, p.265 
 
Feld’s description of soundscapes resonates with the auditory experience of 
Millennium Square. Tacchi adds a relational and social dimension when offering the 
concept of a textured soundscape being ‘a means of looking at the effect of sound on 
the actors involved, and on their effect on that sound’ (Tacchi, 1998, p35). By 
extending the concept, the sound emanating from the Big Screen’s speakers as part 
of the textured soundscape can be conceived as a form of material contributing to the 
multilayered materiality of the square.  
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Lots of young families, prams, toddlers, in the water features, sunshine ‘Final set’, 
‘Virgina Wade serves’. “Daddy!”, “stay in the water please”. Little girl in corn 
flower yellow outfit jumps up and down looking at herself in the mirrored 
planetarium. Lots of toddlers voices ring out as well as the sound of the big screen. 
Hearing the voices of Wimbledon crowd from years ago, and very much from 
another time ‘Good play by both girls there’, “Do you want crisps? Ready salted?”, 
“Cheese and onion!” 
Excerpt from field notes 
 
The soundscapes in Millennium Square change depending upon the amount, variety, 
placement and volume of sound, the material surfaces in the built environment, as 
well as environmental factors including wind velocity and direction. Feld describes 
these dynamic soundscapes as ‘spatio-acoustic mosaics’, a term that Miller states 
‘offers a perception of the depth and motion of soundscapes.’ (1998, p.35). People 
experiencing a soundscape can foreground or background a sound at any moment, 
thereby performing a personal and dynamic weave of sounds. The notion of a 
layering and multiplicity of sound is evident in the field-notes above, and suggest 
that the foregrounding of particular sounds is dependent on the individual and her 
contextual relationship with the environment at any particular moment, e.g. a parent 
speaking with her child, “Do you want crisps? Ready salted?”, “Cheese and 
onion!”, may tune the Big Screen audio to the background. By throwing a spotlight 
upon the interwoven and dynamic textural soundscape, the diversity and temporality 
of individual auditory experiences is illuminated. However, added to this is the 
presence of people wearing headphones, who may be intentionally ‘tuning out’ the 
textural soundscape as they ‘tune in’ to their own selection of digital sounds. This 
suggests that when designing future technological objects for use in public space, 
neither a person’s auditory experience of the object nor the setting should be cast as 
homogenous, instead, sound could be framed as a heterogeneous  
experiential consideration.  
 
Prompting performance 
Girl in white dress has back to screen but faces friends, she claps when screen claps 
though no-one in her group does and she is not watching the match. Is she showing 
that she’s engaged or participating?  Happens again.  She claps when the others at 
square clap (few – not all). 
Excerpt from field notes 
 176	  
 
Figure 33. Crowds in front of the Big Screen-Live Site, Millennium Square, Bristol, July 2012 
 
As illustrated in the field notes above, while some people appeared to be socially 
engaged with a physically present group in Millennium Square and not focused on 
the Big Screen, they would nevertheless react to the sound of audience behaviours 
from the screen; a scenario enacted repeatedly by the ‘girl in the white dress’ who 
had her back to the screen. While a connection between the girl in the white dress 
and the digitally represented Wimbledon crowds, mediated by the Big Screen, was 
not usually visible, when she heard the digital applause, she in turn applauded, at 
which point there was an apparent and direct multisensory and performative 
connection. Therefore she could be described as displaying a state of continuous 
partial attention through being simultaneously socially connected to her immediate 
group, to the larger audience present in front of the Big Screen when applauding 
together, and to the digitally mediated court crowd (Stone, 2015). This shows that at 
any one time, due to the presence of the Big Screen, digital mediation affords a 
person momentary associations with a range of different groups, thus being fleetingly 
connected or disconnected, and such associations being suspended or resumed.  
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Family on bikes cycles through square in front of audience.  Applause as Murray gets 
deuce again on his serve. “Boris and Dave are there.” “Screams of kiddies in water.  
“Does Beckham know this is tennis?” Man opens bag of Maltesers. Cooler winds 
blow in square. A few applaud as Federer gains deuce on Murray’s serve…Two 
women eat pasta, strawberries and chat. Two young men speak “His girlfriend is so 
fit, and Federeer’s really isn’t.” “I think Federer got his before he was famous.  
Excerpt from field notes 
 
The activities undertaken in this event site are familiar to those cultural behaviours 
often observed in public parks or beaches. As mentioned earlier, there are a number 
of different group formations present, various types of actor-network interactions, 
and the intensity of human engagement with the Big Screen varies significantly. 
Certain behaviours displayed are also customary in the privacy of the home, such as 
the comment “His girlfriend is so fit, and Federer’s really isn’t”. Thus the Big 
Screen and its spatial setting, even when dressed as a Live Site to suggest types of 
anticipated behaviours, does not afford a totalising effect on the ‘system’. This 
chimes with a finding of the Pelican Crossing study whereby a wealth of human 
performances, or ‘complex repertoires of action’, were recorded when observing 
people crossing the road (Latour, 2005, p.55). Hence, one physical-digital artefact 
intended to entertain a static audience, and the other, a functional technological 
object to aid and control mobility, were both used in multiple ways by those who 
encountered them. This flexibility of use, whether intended by the designers of the 
Pelican Crossing and the Big Screen or not, appears to characterise the relationship 
between people, materials, digital technologies and the setting. 
 
Relational objects  
During each observation socio-material zones appeared to form in Millennium 
Square, but whether this was influenced in part by the sounds in the space is not 
possible to infer. For example, the deckchairs were used for picnicking, watching 
children playing, or viewing the Big Screen. People dragged deckchairs to new 
locations around the square and placed them in new formations, or opportunistically 
sat on one when they came across it. Being heavily imbued with cultural meaning, 
the deckchair was used as a powerful signifier of a convivial social gathering by the 
event manager, in the same way as Christmas crackers suggest a festive dinner and 
corny jokes. Initially placed in rows facing the Big Screen, when the deckchairs were 
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moved to new locations away from the screen, new informal socio-spatial formations 
that deny the syntax of the Live Site were produced. Frow refers to interpretations of 
individual objects when he states: 
Cultural and functional hybridity is an ordinary condition of objects and the 
most mundane thing, a teacup for example, must be readable in a number of 
different ways – as an aesthetic object, as a useful object, as the material 
product of certain highly evolved technologies, and so on. 
Frow, 2004, p.358 
 
The enactment of rejection of the highly technical screen and the setting, signified by 
the reconfigured wooden framed deckchairs, suggests that relational hybridity, fluid 
object identities and object ‘agency’ may be a further ordinary condition of objects, 
whether enmeshed with digital technologies or not.  
 
	  
Figure 34. People in front of the Big Screen-Live Site, Millennium Square, Bristol, July 2012 
 
Briefly considering the Internet of Things concept, where every material artefact is 
connected to the internet, Speed and Shingleton speculate upon a socially connected 
future where not only humans but also smart ‘object agents constitute and 
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reconstitute time-space, place and cultural forms through their interactions’ (2012, 
p.1170). Taking this concept of interactive and networked object agency to the Live 
Site setting, and we can imagine a future scenario where digitally tagged and 
connected deckchairs are dragged around a plaza. At the same time, invisible to us, 
embedded computing will be creating, capturing and storing social data based upon 
our embodied interactions, and that of the smart deckchairs. If the fluid identities of 
future smart objects will affect object agency, which in turn may radically impact 
upon the way in which humans encounter and experience their environments, then 
ethical considerations for emergent materiality in urban computing are a vital aspect 
of design research. 
 
Object malfunction: warbling anthems 
The sound in the square from the big screen sounds wobbly and distorted. I was 
aware of this as I approached the live site and before I saw the square. 
Wobbly jokey sounding anthem due to screen fault.  Incongruous with emotive 
pictures on screen of crying gold medalists. Parents being interviewed on screen. 
‘Erudite’. ‘We gave everything. We wanted it so badly’. 
Excerpts from field notes 
 
Brown (2004) suggests that an object displays its ‘thingness’, and becomes a thing, 
when people are made aware of it due to a malfunction that causes a disturbance to 
the way the object is normally experienced. As can be seen from the research data 
above, the technical fault with the speakers that caused the emanating audio to 
appear distorted could be seen as the Big Screen being ‘thingly’. The disturbed state 
of the sound from the Big Screen may be interpreted as illustrating our everyday 
experience of fractured technologies. As seen in the research materials the technical 
hitch, or glitch, or crash can affect the materiality, spatiality and embodied 
experience of an urban space. Thus, it may be useful to reconfigure our conception of 
the banal uncertain digital systems that afford unexpected sonic mutations, and our 
responses to technical disconnection, rupture and breakage. Upon occasion, might it 
be useful to frame the technical fault as a creative mutation, surprise or material 
within the system, something to welcome? Furthermore, taking into consideration the 
social relations between proximate objects, when designing for future technological 
objects in the public realm, at times might we consider designing a reciprocal glitch 
as acknowledgement of a neighbouring malfunction?  
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The technical glitch or object malfunction that caused the national anthem to become 
distorted and sound humorous caught people’s attention and caused them to giggle 
collectively. As such we may interpret the glitch as a trigger or switch that alerts 
people to their immediate environment, thus making them aware of their context. 
This scene also illustrates how human interactions with physical-digital artefacts are 
socially integrated, spatially dependent and uncertain. Indeed, Gaver, Beaver and 
Benford (2003) suggest the frame of ‘ambiguity’ as a resource for design that may 
offer interaction designers and users, engaging and thought-provoking contact with 
digital technologies. Might it also be useful to frame the ambiguous technical fault 
and its affective socio-spatial dimension as a ‘resource for citizens’ that can provide 
a moment of unanticipated critical engagement with the system? 
 
Fraying boundaries 
The sound emanating from the screen could be heard before entering the physical 
location of Millennium Square. The sound seeped out of the physical border and 
altered the material textured soundscape of other nearby locations, e.g. entrance to 
the science centre, thereby changing the experience and texture of that environment. 
In doing so, it illustrated the different ways of conceptualising boundaries, both 
physical and aural. Dourish and Bell offer a conceptual shift when they present 
culture rather than cartography as ‘an alternative foundation for design’ when 
thinking about urban spaces (2011, p.83). In the same vein, whilst acknowledging the 
physical aspect of space, the findings suggest that reconceiving spatial boundaries as 
porous and blurred aural borders should be a consideration for design in public 
space. This could be taken a stage further and rather than our established notions of 
borders as static, visible or defined materially, we could change our concepts of 
boundaries to being multisensorial.  
 
The mutable borders of Millennium Square become more complex when digital 
technologies such as wireless networked computing and satellite communications are 
considered. For these technologies alter spatiality, thereby changing human spatial 
interactions and experience, and thus our understanding of borders and boundaries 
becomes interwoven with virtuality. This is illustrated in the research materials by 
the prolific use of smartphones during all of the site investigations: 
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Relatively few people in the Sq looking at the big screen. Mother typing on her 
smartphone [4.15]. Couple in chairs eating ice creams.  ‘Nobody in the centre 
for GB’.  Man speaking on smartphone.  
Excerpt from field notes 
  
The activities around the smartphones were individual or shared, concentrated or 
distracted, and multiple modes of interaction were observed, e.g. sharing information 
that prompts laughter, connecting to the absent ‘other’, and documenting the present 
through text or image. The interaction between the Big Screen, the smartphone and a 
person would change depending on the focus of the person’s attention, thus there was 
no apparent fixed engagement model. The observations support Castells’ position 
that today’s digitised networks and multimodal communication have made ‘virtuality 
a fundamental dimension of our reality’ (2010, p.84), such that digital technologies 
and digitally mediated communications pervade the cultural expressions and personal 
experiences of contemporary society. Therefore, the findings suggest that the urban 
setting and its dynamic and temporal multisensorial boundaries, for which future 
technological objects will be designed and experienced, can be presented as a 
multisensorial hybrid space. 
 
Manuel Castells (2007) uses the metaphor of a wireless skin permanently overlaid on 
the lived human experience, to describe the way in which people and the network are 
enmeshed. He asserts that connectivity changes the shape and texture of our 
everyday lives in perpetually interconnected spaces. As we have embraced digital 
technologies and they have become a central part of many people’s lives, so to are 
they changing the ways in which we understand, and behave in, public space. Indeed 
Rainie and Wellman contend that ‘physical presence and absent presence are 
becoming integrated as the character of public and private spaces change’ (2012, 
p.108). The research data suggests that the roles of the two screens differed 
significantly. For example, smartphones provided a multiplicity of functions and 
interconnections to distributed and hidden socio-technical gatherings, whereas the 
Big Screen facilitated a socio-material gathering as well as intermittently mediating a 
type of digitally augmented connection. Therefore, echoing Rainie and Wellman, 
people at Millennium Square appeared to be absent and present in space. In order to 
understand better the users of future technological objects in increasingly smart 
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spaces, it may be useful to generate concepts that help us explore what it means for a 
person to be present, or absent, in multisensorial hybrid space. 
 
5.12.  Conclusion  
The multisensorality and assemblage approaches proved to be generative and 
productive. By employing them to focus on a socially integrated and spatially 
contingent physical-digital artefact in the public realm, my analysis of the data has 
generated a number of questions and conceptual themes related to physical-digital 
synthesis in future urban environments, e.g. notions of presence and absence, fluid 
object identities and object agency, and glitches triggering critical engagement  
with the system.  
 
The findings from the Big Screen – Live Site case study reveal that through digital 
mediation, the Big Screen enabled people to be present in a number of concurrent 
traceable social networks, and for those networks to be both fleeting and shifting, 
connected and disconnected, virtual and physical. The evidence from the observation 
also highlighted the extent to which ‘other’ digital technologies were present in the 
space, in particular personal devices such as smartphones and headphones. The 
effects of the these technologies when combined with physical space and people 
afforded a type of multisensorial hybrid space with porous and blurred aural borders. 
 
Echoing a finding from the Pelican Crossing, once again the flexible nature in which 
people use physical-digital artefacts, and how they employ the materiality of urban 
space as part of their expanded systems of interaction with physical-digital artefacts 
was apparent, i.e. people use the multisensorial spatial conditions at-hand as cues to 
decipher and navigate the space. The findings also highlighted the heterogeneous 
aural experiences of people in public space, as well as the fluid relationships between 
the people, materials and digital technology. 
 
Despite being part of a 21c hyperconnected society, this case study has echoed 
findings from the earlier studies, whereby our daily encounters with the network can 
be fractured and messy. The ‘seamless integration’ of digital technologies, so often 
espoused by technology marketing teams, in practice often fails to appear. Yet the 
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messiness can often lead to moments of insight and valuable reminders. The distorted 
sound from the Big Screen’s faulty audio system, and its leakage into unintended 
physical spaces, offers us the opportunity to reconceptualise certain types of 
technical malfunction, or glitches, as a critical or creative opportunity, e.g. people 
laughed as they heard the warbling sound of the national anthem. 	  
Finally, through the exploration of the interpretation and reinterpretation of objects 
depending on other proximate objects, and what that may mean when computational 
intelligence is embedded in them and in their future environments, the need to 
consider ethics and values related to physical-digital synthesis in urban space  
was highlighted.  
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iPLUS POINT INTERNET KIOSKS CASE STUDY 
	  
Figure 35. iPlus Point at Watershed, Bristol, before and after removal, 2011-2013 
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Our socio-technical present and future interactions in spatial settings are influenced 
by the decisions of multiple actors, e.g. those involved in funding, design, regulation, 
technology and policy. As such, creative designers, scientists, councillors and 
technologists are constituent members envisioning and shaping the future. They do 
so within an intricate web of numerous systems that make up the infrastructure of 
their setting, e.g. social, cultural, political, economic, material and technological. 
Having concentrated to date on researching the performance and enactment of 
assemblages from the use perspective, in this case study I aimed to understand better 
the ‘systems’ by exploring how the actor-networks that enable physical-digital 
artefacts to be devised, designed and implemented within a city. In doing so, I 
intended to explore the context for the design of physical-digital artefacts situated in 
the public realm.  
 
To address this investigation, central Bristol’s iPlus Point networked information 
kiosks were selected as the site of focus. These web-kiosks appeared in the city in 
2002, at a time that pre-dates iPhones, Facebook, geo-tagged images on Flickr, 
WhatsApp, Twitter and the Android operating system. As shall be shown, there were 
multiple actors assembled in the iPlus web-kiosk network. One could relate the iPlus 
Points to the role of the UK’s public telephone boxes produced by the General Post 
Office. However, unlike Gilbert Scott’s iconic, ubiquitous and stable red telephone 
kiosks that had a huge impact upon 20th century British society for around 70 years, 
the iPlus web-kiosk became obsolescent within only a few years. Indeed, as the iPlus 
kiosks were being placed in Bristol’s streets, the infrastructure to displace them was 
already in-play, and as the ‘testimonial of a web-kiosk’ suggests above, the objects 
disappeared and became absent from public space as they were being observed  
for this research. 
 
The iPlus kiosks were chosen as they represented 21st century connected 
computational artefacts that were being erected in a number of UK cities, but were 
far from ubiquitous. Unlike the previous case studies I was not observing the objects 
themselves nor any embodied human encounters with them, instead my intention was 
to research the relationships between the kiosks and the actors involved in their 
design, commission and maintenance. At an early stage in my research in 2012 I met 
 186	  
with a contact from Bristol City Council who revealed, confidentially, that no-one in 
the Council was prepared to take ownership of the iPlus Points as they wished to 
protect their annual budgets. Therefore I was unable to pursue my initial research 
design which was predicated upon semi-structured interviews with the key actors in 
the iPlus network. Thus, in order to maintain the themes of my investigation I 
restructured my research design and continued the study. 
 
The three principle aims of this study were to: 
• investigate the civic and commercial organisational systems that conceive and 
enable infrastructural projects; 
• study systems in order to generate questions for interaction design research; 
• investigate reading materials and text as an experimental research method. 
 
First, I give a short descriptive account of the iPlus web kiosks. Next I provide a 
description of the experimental nature of my approach and research methods before 
embarking upon a discussion of the findings. The practice-oriented mode of inquiry I 
adopted tended to produce different creative methods as one sparked off from 
another. The primary approach I adopted to pursue within this study was assemblage, 
but there was also cause to attend to embodiment, multisensorality and materiality. 
Additionally, this case study has thrown up some interesting issues concerning 
obsolescence, absence and presence. This final case study concerns the design 
context that produced the web kiosk object, rather than addressing the object 
interaction or its design. 
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5.13.  iPlus Points: background 
	  
Figure 36. iPlus Point, Queen Square, Bristol, June 2012 
 
Launched in 1999 by CitySpace, iPlus Points (web kiosks) are touch-screen internet 
enabled information kiosks situated on city pavements. As a generic product line 
they were not designed specifically for Bristol, however the digital content and 
functionality was determined by local client requirements, and the material panel 
surfaces were designed to be personalised. Prior to being situated at 16 sites in 
Bristol’s city centre, iPlus kiosks were deployed in parts of London, and 
subsequently in urban settings across England and Wales, such as Warwickshire, 
Newcastle and Swansea. All were partnerships between local councils, CitySpace 
and the street advertising company Adshel. Bristol’s partnership model appears to be 
indicative of the ways in which iPlus Points were adopted across the country. Hence, 
Bristol’s web kiosks were part of a much larger product and actor-network. More 
about this assemblage will be discussed later in the chapter. 
 
The iPlus Points were part of the Bristol Legible City initiative that was launched by 
Bristol City Council in 1999, and the kiosks were deployed in 2002. Within two 
years some of the kiosks and nearby lamp-posts were used to station free wireless 
broadband transmitters for StreetNet - a new initiative supported by the Council.  
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‘StreetNet will provide 'always-on' access to the internet and email and 
allow for council and city workers to access private networks (VPNs) whilst 
doing their job on the city streets. Critically, it can also provide wireless 
connectivity for CCTV, allowing very low cost mobility of cameras for 
deployment around street events and general security surveillance. A photo 
call will take place outside of Bar Three at 12pm with Cllr Holland 
demonstrating using a hand held computer on Park Street.’ 
CitySpace, 2004 
 
As shown in the press release above, the role of the kiosk was extended to support a 
technology that would supplant it, as the Council brought ‘a useful communications 
dimension to citizens [and] a critical support system for local government mobile 
workers and associated agencies, such as the police and the NHS’ (CitySpace, 2004) 
Thus this fixed technological object swiftly became part of mobile digital culture. 
Within a decade 45 percent of the world’s population was covered by a 3G mobile 
network, digital content was increasingly being accessed through mobile devices, 
and there were over 1.2 billion mobile Web users worldwide (Financial Times,  
2012, p. 40). 
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5.14.  Research methodology 
The research approach uses the frames of assemblage and materiality to enable a 
robust exploration of the actors that ‘produced’ the set of web kiosks on Bristol’s 
streets. 
 
Research methods 
The research methods adopted were a mixture of traditional and experimental. As 
discussed in greater depth in the Research Methodology, Chapter 3, the following 
methods were employed: 
• Literature: e.g. Bristol City Council documentation, grey literature, websites 
and social media services; 
• Photographic documentation: kiosks, sites once kiosks removed; fabric; 
• Communication with designer of kiosk: email; 
• Personal interaction with iPlus kiosk interface; 
• Creative processes: authoring a piece of creative writing (Appendices, 
pp.315-316), deconstructing and re-constructing fabric. 
 
As mentioned in the introduction, it proved impossible to speak with anyone from 
Bristol Council who would acknowledge responsibility for the iPlus Points. As a 
result of this, along with the unexpected disappearance of the kiosks mid-way 
through my research, I had to employ a responsive research design during the course 
of my investigation.  
 
 
5.15.  Findings and discussion 
Having investigated three objects from the point of use, in order to understand the 
context for design of fixed computational objects in public space, this case study is 
particularly interested in the socio-political and commercial actors that make up the 
iPlus Point network. The themes that emerged from analysis of the data are as 
follows: 
1. Fluid socio-political networks; 
2. Absence and presence; 
3. Visibility and invisibility; 
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4. Continuity of values and ethics; 
5. Design for material and digital tempos; 
6. Designing out reductionsism. 
 
This section begins with a short discussion of the socio-political environment that 
influenced the commissioning and distribution of the iPlus internet kiosks.  
 
Fluid socio-political networks  
The iPlus web kiosks were first installed in Bristol in 2002, at the start of the 21st 
century. Beforehand, they were described by Bristol City Council (BCC) as being 
part its Bristol Legible City initiative (launched 1997 and aligned to the Council’s 
Public Arts Policy), as public access points run by the Council’s IT in the 
Community programme (launched 1996), and as an extension of the People’s 
Network (an initiative funded nationally through the UK Government’s New 
Opportunities Fund, 2000): 
‘In September 2000, the Prime Minister announced the first 600 UK online 
centres, funded from the first phase of the Capital Modernisation Fund 
(CMF)… One of the most important features of these centres is that they 
will be targeted at those who are most excluded from the benefits of 
ICT…In addition revenue funding of GBP 77.5 million in England, is 
available through the New Opportunities Fund (NOF) for Community 
Access to Lifelong Learning.’  
Office of the e-Envoy, 2001, p.6 
 
The IT in the Community programme ‘formed an integral part of the BCC’s Best 
Value pilot programme’ and Bristol was one of 37 authorities chosen to participate in 
the Government funded scheme in December 1997. By 2000, the IT in the 
Community programme had become part of the Equalities and Social Inclusion 
programme, and as such the kiosks were now associated with this new initiative. In a 
BCC report entitled Information Technology in the Community (5 September 2000) 
the street based kiosks are described by BCC’s Head of ICT, Stewart Long, as a 
complement to the government’s new People’s Network initiative, and he notes an 
offer by private sector company Adshel to ‘install 13 iPlus kiosks free of charge at 
key locations in the central area’ (2000, p.4).  
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The data illustrates how the socially inclusive policy agenda of the late 20th century 
enabled and influenced the design and placement of the iPlus Points. Bridging the 
perceived ‘digital divide’ was a hot political and academic issue, and as such 
people’s access to technology to promote social inclusion was a focus of the New 
Labour government. As Selwyn states, digital technology was seen as a way to 
‘overcome existing social division and inequalities, increase levels of social 
interaction and civic involvement...as well as facilitate easy and widespread access to 
education and other public and government services’ (2002, p.3). Thus funding and 
mechanisms for technology initiatives to avoid social exclusion were produced. This 
evidence reveals how evolving socio-political agendas were critical factors in the 
complex infrastructure that enabled the commission and distribution of iPlus Points 
on the pavements of Bristol.   
 
Whilst this study focuses on the web kiosks, rarely are they addressed by the Council 
as an independent set of objects, instead they appear to be positioned as a constituent 
actor in a range of objects. For instance, the kiosks were refered to as a complement 
to public access points and People’s Network initiatives. Moreover, the only BCC 
document available online that relates specifically to the iPlus kiosks was again 
created by Stewart Long, as an agenda item for a Council meeting held on 24 
October 2000. The document entitled was ‘Extending Democracy – Street-based 
Internet kiosks’, was produced to seek approval from an Executive member for the 
work programme associated with installation of the kiosks about the city. This 
document describes the proposed installation of iPlus Points in Bristol, and aligns the 
kiosk network with Council strategic objectives of the time: 
‘This work programme is consistent with the Council’s objectives and core 
values and in particular progresses a number of key outcomes associated with 
equalities and social inclusion.’ 
Long, 2000, p.1 
 
Ten years later, in a report entitled ‘Connecting Bristol – Creating a World-Class 
Green Digital City’, under the heading ‘The Story so Far…’, the kiosks were used as 
evidence of prior digital innovation, e.g. ‘Interventions have ranged from the first 
People’s Network of free to use computers in the city’s Libraries, to iPlus Street 
kiosks and Street Net’ (Armstrong, 2010, p.3). At this time, the new Council 
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programme focused on environmental and economic concerns, as well as its 
previously stated social goals, once more we can see the policy and funding priorities 
of central Government, at this point a Conservative-Liberal coalition, impacting upon 
the presentation of the Bristol’s iPlus Points. Hence, these motionless and contained 
objects are part of a fluid multi-faceted socio-political network. However, unlike 
phone-boxes that had a huge impact upon 20th century UK society for around sixty 
years, the significant achievement of the iPlus web kiosk seems not to be technical 
functionality or advancing social inclusion, but representation. For these physical-
digital artefacts appear to embody key UK socio-political agendas for human-
technology interaction in the first decade of the 21st century, and yet in 2013 they 
were all removed from the city. Hence, to ensure that we identify and preserve our 
most culturally important technological objects, we must develop criteria to judge 
and value our future physical-digital artefacts.  
 
Absence and presence 
 
	  
Figure 37. Bristol City Council i-Plus Kiosks Project document, 2000 	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Taking another perspective on the theme of kiosks and representation, this time 
briefly through using the language systems within which the object is rooted, prior to 
the building of the kiosks they are represented through text in official forms (by 
Council officers, using a prescribed ‘official’ language and layout), the kiosks are 
also represented in the visual language of the ‘catalogue’ or ‘design document’. So 
the visual presence of the absent object is in-play at this stage. However, the 
presence and availability of the object through various texts differs once it is 
materially and digitally present, and fixed in place. At this point there appears to be 
little published formal reference to the kiosks, and social media platforms hold 
limited information, including on the designer’s own website.  
 
Despite multiple attempts across 2012-13 to locate individuals at the Council or 
Adshel with responsibility for the iPlus Points, none can be found. I had been 
advised ‘off the record’ that no-one from the Council wanted to take responsibility 
for the maintenance of the kiosks as they wished to protect their existing budgets. In 
fact, it proved impossible to find the whereabouts of a kiosk the day after its removal 
from the Watershed site. Similarly, there was no information available online that 
shed light on the kiosks’ departure, or why they were taken from the streets, hence 
the Council’s processes rendered them invisible. The iPlus Points seem to be most 
visible to the socio-political actors when not materially present but textually present. 
Once in situ, attention from these actors appears to drift and eventually vanish. If this 
data is representative of the treatment of all fixed technological objects in the urban 
outdoors, it suggests a disconnected assemblage and an unsustainable process. Thus 
if we shift to a more sustainable perspective where our technological objects are not 
rendered invisible to those who commission and sustain them, should we not seek to 
alter our foundational concepts and no longer consider the design of objects, but 
instead the design for objects?  
 
Visibility and invisibility 
The iPlus Point was to be “a visible presence on the street” (Boss, 2013). As part of 
this study their sites were recorded photographically twice, for the first shoot the 
objects’ presence was recorded, whereas for the second their absence was 
photographed. The documenting of the empty sites, the space left behind, proved 
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revealing. The material scarring of the streets as a result of removal was evident in 
half of the sites, e.g. the addition of new cobbles to the existing pattern, or a section 
of tarmac dragged across the ground where the kiosk stood. Other traces of the iPlus 
remained, such as metal boxes that had contained the power needed for the kiosk to 
operate. Indeed, the visibility-invisibility of the object was apparent before its 
removal. Anecdotally, I found very few people who noticed the objects, rarely if ever 
used them, and failed to realise when they had disappeared. 
	  
Figure 38. Compilation of iPlus kiosk sites, before and after removal in central Bristol, 2011-13 
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‘I guess web-kiosks got overtaken by smartphones and apps. I tried to use 
the one in Queen Square a couple of times but the touch screen never 
worked properly. ‘   
Delmon, 2014 
 
Although the web-kiosks were in situation for a decade, their digital interfaces often 
showed some form of error message, and as the quote states above, they ‘never 
worked properly’. The iPlus Points offered an ambiguous or uncertain experience 
due to their technical instability, their limited functionality, and their fixity was 
superseded by personal mobile technologies. This suggests that redundancy and 
obsolescence emerged in different ways and at different points in the ‘life’ of the 
iPlus kiosks; indeed the creative writing states ‘You designed me to be obsolete’ 
referring to the mobile communications networks that were already in place and 
would be part of the kiosks’ demise. Rather than removing a physical digital artefact 
from site, interaction design research could explore models for recognising potential 
redundancy, and afford methods and open systems for reappropriating or evolving 
the object.   
 
Continuity of values and ethics 
This discussion section started by focusing on government and local government, 
however the research revealed significant change and entangled relationships 
amongst the commercial actors in the network. Companies were amalgamated, 
bought out or closed down, the employees changed roles and moved to other 
organisations or new countries. Indeed, the main Council contact for the web-kiosks 
during their inception, Stewart Long, also left the Council. This level of disruption to 
the assemblage suggests a form of fracture, and discontinuity of the collective 
memory of the web kiosk. In 2014, when I contacted the commercial companies and 
the Council, there remained little, if any, knowledge of the iPlus Points. Presumably, 
collective memories of the rich civic and social meaning that underpinned the 
commissioning and distribution of the kiosks were also forgotten. For as well as 
signifying socio-political agendas, the iPlus kiosk can be presented as embodying a 
set of philosophical and ethical values. Which begs the questions for interaction 
design research: 1. How do these types of values remain inherent within and around 
the object and its network? 2. Can interaction design research develop methods to 
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enable the continuity of ethics and values? 3. Finally, is continuity a consideration 
for design? 
 
As part of my investigation into ‘reading materials and theoretical text’ as an 
experimental research method, I chose to undertake ‘material sketching’ with muslin 
fabric. Whilst doing so, I noted ‘chaos at the edges’ and the fragility of the borders of 
the fabric when compared to the centre of the weave. I chose muslin although there 
were a multitude of fabrics available, but most were too tightly woven to enable the 
interaction required – the pulling of threads. Some textile systems are so tightly 
interwoven and rigid that creative manoeuvring cannot happen and there is no way to 
re-orient or restructure the fabric’s system. If these lines of thought are applied to the 
configuration of actors in the iPlus network then we might look at plasticity or 
mutability as a virtue for maintaining the assemblage. In doing so this highlights an 
opportunity to question how we design the assemblage to enable future  
creative manoeuvring?  
 
	  
Figure 39. Fabric manipulated during experimental investigation of systems, 2013 
 
Furthermore, it is evident from the weave of the fabric (Fig. 39) how thread systems 
develop and adapt to new contexts – fluid and in motion. The movement and 
concentration on one aspect of the fabric led to unexpected movement and alterations 
of the structure in other parts of the weave, such as the snagging and puckering. In 
fact, through its deconstruction there appeared to be a far more complex or 
‘constructed’ piece produced. Thus, by removing from a system, is there increased 
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opportunity for creative thinking and making - can deconstruction be a design 
dimension?  
 
Design for material and digital tempos 
Through reviewing the photographic documentation of the absent and present kiosks, 
the expansion, contraction and movement of the seemingly ‘stable’ streets became 
apparent. Some sites had pavements extended, others had bus stops, lampposts or 
bike stands relocated, more had new surface materials applied. Whilst one can 
imagine the act of physical removal and replacement being a brutal experience, 
studying the images afforded a poetic interpretation of the act, with the motion, 
fluidity and layering of materiality being imagined. Revisiting the creative writing 
piece, “Situated technology at a time and in a place of mobility. I was fixed. Static. 
Shackled… My own assemblage blighted by the potent smartphone ecosystem”, it is 
evident how the kiosks’ apparent ‘rootedness’ may be viewed as such, when 
compared to the pace of technological change. However, a different sense of material 
fluidity is apparent when gazing upon the temporal and layered materiality of the city 
as an evolving whole. Thus, acknowledging the pace of movement of the physical 
street settings alongside the speed of technological change, when designing for the 
public realm might it be useful to design for temporal incoherence and a lack of 
synchrony, with mutation as an important concept?  
 
Designing out reductionism  
Reflecting upon the brief over a decade later, designer Barnaby Boss (2014) recalled 
the design experience of producing the physical iPlus kiosk as relatively 
uncomplicated and ‘straightforward’, but as has been established, the system within 
which the design was created and produced was an entangled and evolving 
assemblage, with multiple interdependent actors, and the pace of technological 
change was rapid. The physical kiosk object Boss designed, and its associated 
software, embodied huge socio-political agendas, and stood fixed in space as time 
passed, thus signifying shifting socio-technical relationships at the start of the 21st 
century. Bearing this in mind, the apparent reductionism of Boss’s response could be 
seen as both extraordinary and significant, as at the point of design the apparent 
complexity has been reduced to being ‘pretty straightforward’. This recalled 
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simplicity suggests that Boss was operating within extremely limited design 
parameters. Whilst acknowledging that Boss was producing a commercial product, 
and not working within a research context, his experience is a provocation for 
interaction design researchers to explore methods and processes that avoid the type 
of limited involvement in the physical-digital artefact actor-network, or framing of it, 
that Boss presents.  
 
5.16.  Conclusion  
The interplay between people, space and software driven technologies that Latour 
refers to as assemblages can be presented as being mutually constituted. That said, 
these assemblages are not deterministic, nor are they identical, instead they are 
dependent on multiple factors that influence the performances and interactions 
played out in public space. Moreover, as shown in the previous three case studies, 
physical-digital artefacts and systems can alter spatiality in irregular, unpredictable 
and multiple ways. The final case study concentrated on the context for design, and 
in so doing revealed the numerous precarious and interwoven socio-political and 
economic actors that make up the iPlus Point assemblage. From this study, three key 
themes have emerged:  
1. sustainable design for upgrade culture;  
2. citizen ownership;  
3. continuity of values.  
 
Sustainable design for upgrade culture  
As we have seen, the iPlus Point kiosks were removed with no technological objects 
replacing them. They were erased from their sites. However, this seems to run 
counter to both the sentiment and purpose of the object, its sites, and the city’s 
‘environmental’ or ‘sustainable’ credentials according to Bristol City Council’s own 
Green Digital City report (2010). One way to conceptualise the iPlus Point narrative 
may be to think about ‘socially responsible’ design for utility objects, and their 
evolution. As such the actors in the kiosks’ assemblage would seek to address the 
characteristics of emergent objects and their ecologies, thus the design context and 
the computational object move from being static to adaptive. In future, rather than 
removing a physical-digital artefact from site, interaction design research could 
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attend to emergence, thus explore models, methods and open systems to sustain 
adaptive upgrades. Is there a system that can be produced that affords upgrade rather 
than ripping out? 
 
Citizen ownership 
If we shift to a more sustainable perspective where our technological objects are not 
rendered invisible to those who commission and sustain them, but instead are 
addressed as adaptive, should we not seek to alter our foundational concepts and no 
longer consider the design of objects, but instead the design for objects? If the iPlus 
Point system was designed for openness, and inherent within its design was the 
capacity to adapt to changes, then we could also consider the sustained evolution of 
the assemblage itself, with future citizen ownership of the objects as a goal. The 
kiosk, whose values were entwined with social inclusion, could be designed for 
adoption by its community of citizens. In this way, continuously evolving embodied 
relationships with the kiosk could influence what it becomes, and how it does so. 
This example offers a response to a question from the findings, ‘might we look at 
plasticity or mutability as a virtue for maintaining the assemblage?’ Therefore, 
designing for an object means designing for a less precarious assemblage, and 
involving the citizen users in its ownership and evolution. 
 
How do we judge and value computational objects? 
Why is it that the iPlus kiosks were a short-lived information-communication 
mechanism, when Gilbert Scott’s telephone kiosks had relative longevity? The 
research has revealed a complex and tangled weave of relationships between the 
actors in the iPlus network, that aligns with Dourish and Bell’s notion of 
infrastructures as ‘messy’. There were myriad overlaps and shifts within a sector, 
tactical decisions based upon funding opportunities, multiple partners and cross-
sector relationships, and a shifting operating environment (e.g. economic, social, 
political and technological). The mundane, seemingly banal and often overlooked 
iPlus kiosk can now be presented as an embodiment of UK and local government 
socio-political programmes, as well as an important signifier of rapid technological 
change at the start of the 21st century. Yet, it has disappeared and I could not locate 
its whereabouts within a week of its removal. Thus to ensure that we identify and 
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preserve our most culturally important present and future computational objects, we 
must develop criteria to judge and value them. Questions we could ask to help us on 
our way include: 
• How do values and philosophies that underpin its creation, remain inherent 
within and around the object and its network?  
• Can interaction design research develop methods to enable the continuity of 
an object’s ethics and values? 
• How do we recognise potential redundancy or obsolescence?  
• Is continuity a consideration for design? 
 
Gilbert Scott’s telephone boxes have become cultural icons although operationally 
defunct. The case is clear for the web kiosk to be similarly recognised for all that it 
embodies, yet to date we have not the means to do so.  
 
In conclusion, to avoid the iPlus Points story being retold in the histories of future 
obsolete physical-digital artefacts located in the public realm, there appears to be a 
need for the involvement of citizens and creative designers to participate with the 
actor-network at an early stage of development, in order to avoid the ‘top down’ 
decision-making culture illustrated by this case study, and to enable sustainable 
design for upgrade culture. 
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CASE STUDIES: CHAPTER CONCLUSION 
 
 
‘Marginal objects, objects with no clear place, play important roles. On the 
lines between categories, they draw attention to how we have drawn the lines. 
Sometimes in doing so they incite us to reaffirm the lines, sometimes to call 
them into question, stimulating different distinctions.’ 
Turkle, 1984, p.31 
 
As this chapter has shown the iPlus Points and the Space Signpost can be presented 
as the marginal objects which Sherry Turkle refers to above. Indeed, before 
commencing the four case studies, when undertaking the inventory of street furniture 
for the Scoping Study I was unable to use categories that had already been 
determined for existing objects when endeavoring to categorise the Space Signpost.  
 
All four case study objects - the Space Signpost, the Pelican Crossing, the Big Screen 
– Live Site and the iPlus Points - have generated rich, varied and valuable insights 
for this interaction design research study. Assessing and analysing the evidence from 
the individual case study discussions and case study conclusions enabled me to 
produce twelve key insights that underpin the two main outputs from this thesis (the 
Approaches Framework and the Conceptal Materials for Design Research), both of 
which contribute to the conceptualisation, research and design of physical-digital 
artefacts for the public realm: 
 
1. Human encounters with computational objects in the urban outdoors are 
multimodal, multisensorial, improvised, emergent and provisional; 
 
2. Space should be framed as being simultaneously dynamic, temporal, 
multisensorial and hybrid; 
 
3. Sensitivity to the cultural life of the location is important when designing for 
public space; 
 
4. Systems presented as closed or top-down, can be considered open when 
people use the materiality of the setting as part of their interaction with a 
computational object, e.g. the variety of ways in which people use sound 
when interacting with the Pelican Crossing; 
 
5. Technical malfunction and vulnerability of physical-digital artefacts can be 
presented as creative and critical opportunities for interaction design research; 
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6. Physical-digital artefacts are part of networks that are emergent, adaptive, 
mobile, multiple and interconnected; 
 
7. As our interrelationships with and through technological objects in smart 
environments develops, what it means for humans and non-humans to be 
absent or present will evolve; 
 
8. Future proximate connected objects will be interpreted and reinterpreted, 
providing opportunities for refreshed mutuality; 
 
9. People often test the credibility of a technological object before investing in 
it; 
 
10. Citizens should be empowered to own and evolve certain computational 
objects, whilst retaining the inherent values that the object embodies, in our 
‘upgrade culture’; 
 
11. Criteria upon which we judge and value new and future physical-digital 
artefacts need to be developed; 
   
12. Practitioner-researchers need a set of ethical principles to inform design 
research for future connected socio-material assemblages. 
 
 
Developing the Approaches Framework 
When undertaking the four case studies, my research strategy was informed by the 
four sensitising concepts (assemblage, embodiment, materiality and multisensorality) 
that I had identified from the Contextual Review as being highly relevant to this 
thesis. Given the relevance of these particular sensitising concepts to my research, I 
utilised them as a set of research approaches. I used these approaches to both frame 
my research and support my creative practice, for example, investigating the 
structure of fabric when exploring networks and systems. Therefore I experienced 
these approaches holistically, as a researcher and as a designer.  
 
This set of approaches proved highly applicable, versatile and generative throughout 
my investigations. Reflecting upon their naturalness of use, as well as the wealth of 
insights that they generated for my own research, led me to conclude that these four 
approaches may be beneficial for other practitioner-researchers interested in 
interaction design research to employ. Although this finding was unanticipated it was 
a valid outcome of my case studies research, for the research design was open to 
unanticipated findings.  
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In order to test my hypothesis that the four approaches would be of benefit to 
practitioner-researchers, I analysed the four case studies of physical-digital artefacts 
to identify the ways in which I had used the set of approaches for research and for 
practice. The coding and categorisation was an iterative and reflexive process that 
showed the approaches had been most often used in relation to: physical-digital 
artefacts; user experience; social experience; setting. Mid-way through the analysis 
of the research evidence, I developed a matrix to use as a coherent representational 
device to help me capture how I used, as a researcher and as a designer, the four 
approaches (Fig. 40). The concept of producing the matrix was a result of my own 
reflection-in-action and my desire to understand the modes in which I was using the 
approaches. The next step in the process was to test the approaches as a framework 
(Approaches Framework) in the Urban Interaction Design Workshop, with a group 
of multidisciplinary creative practitioner-researchers (Chapter 6). 
 
	  
Figure 40. Approaches Framework 
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Developing the Conceptual Materials for Design Research 
Having decided to test the Approaches Framework, I returned to the four case studies 
in order to conduct a secondary coding of the evidence and to analyse the findings, 
discussions and conclusions once more. I chose to do this because the Approaches 
Framework was an unanticipated research outcome, and as such it was an additional 
new resource to test. However, I had yet to analyse and interpret the data from the 
case studies as originally intended for the purposes of this thesis. Therefore I studied 
the evidence from the four case studies afresh with the aim of developing an original 
resource for design research. I had no initial predetermined themes thus I undertook a 
mapping exercise and coded and categorised themes as they emerged. I gathered the 
themes that had similar meanings (e.g. truthfulness, authenticity, credibility) into 
initial sets:  
 
1. Continuity: collective memories; concurrently; simultaneously; connected; 
coherent; perpetual; suspended/resumed; fixed; preserve. 
 
2. Vulnerability: broken; malfunction; glitch; unpredictable; fallibility; 
disconnection; uncertain; technical disruption; disjuncture. 
 
3. Mutability: transformational object; transitional relationships; flux; fraying 
boundaries; fluid; restless; expanded; adaptive. 
 
4. Hybridity: dualism; absence/presence; foreground/background; 
visibility/invisibility. 
 
5. Credibility: truthfulness; authenticity; testability; verify. 
 
6. Mobility: flow; movement; travel; reconfigured; distributed; devices. 
 
Through a process of iterative coding and note-taking, I settled upon six themes to 
form the Conceptual Materials for Design Research. These six themes are: 
continuity; vulnerability; mutability; hybridity; credibility; mobility. 
 
I then returned to the four case studies in order to identify a different class of 
category which I termed ‘subject types’.  
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Subject types 
To help me establish the final selection of six themes above, I mapped the shortlisted 
set against the subject class of category, which was also born from the case studies. 
This category represented the principle subject types that were addressed during my 
analysis and evaluation of each study. They were chosen for their relevance to the 
design of physical-digital artefacts for outdoor public spaces, and for the scope they 
offered future designer-researchers. Five subject types were identified: system 
context; spatial context; citizen; object; social context. To add further rigour to my 
research methodology, I used insights and self-reflexive questions generated during 
the case studies research to populate the matrix shown (Fig. 41). In order to judge 
whether both this matrix and the subject types were applicable, generalisable and 
generative the axes of this matrix comprised of the subject types and the conceptual 
materials. 
 
1. System context: How do we design the assemblage for creative 
manoeuvering? (iPlus Points) 
 
2. Spatial context: How might considering perpetual transformation as a spatial 
state offer rich experiences? (Big Screen – Live Site) 
 
3. Citizen: How does changing citizen-object proximity influence the design 
approach? (Big Screen – Live Site) 
 
4. Object: If an object has a technical glitch, do we welcome it and design 
objects that perform ‘reciprocal glitches’? (Big Screen – Live Site) 
 
5. Social Context: Who are the ‘other’ users and how is their interaction 
interpreted?  (Space Signpost) 
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Figure 41. Conceptual Materials for Design Research (first iteration) 
 
Conceiving the term ‘conceptual materials’ 
Chapter 2, Contextual Review, highlights that interaction design designer-researchers 
use myriad methods, tools and approaches as part of their working processes. 
Likewise, my field study with material-centred designers from a range of disciplines 
made me aware of the need to develop resources and methods that were non-
prescriptive, interpretable, applicable, versatile and generative. As such, once I had 
finalised the six themes (continuity; vulnerability; mutability; hybridity; credibility; 
mobility) I revisited the case studies to examine ways in which the themes had been 
presented. In so doing it was apparent that the themes were often represented as 
concepts or considerations for design: 
 
Through the lens of brokenness and associated fallibility or vulnerability, might 
interaction designers generate conceptual and practical design methods?  
Conclusions, Space Signpost case study 
Can interaction design research develop methods to enable the continuity of ethics 
and values? Finally, is continuity a consideration for design? 
Findings and discussion, iPlus Points case study 
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This evidence led me to present the six themes as concepts for use by practitioner-
researchers, thus not employing terms from the design language which could be 
interpreted as directive, e.g. principles, guides, or even a manifesto. The field studies 
had also provided the insight that designers frame the ‘stuff’ they use in their 
making, e.g. fabric, clay, microprocessors or fire, as materials. Therefore, in order to 
be perceived by designers as being relevant and of value to their research and 
practice, I concluded it appropriate to present the six themes as a set of Conceptual 
Materials for Design Research. 
 
 
In this chapter I presented and discussed the four case studies undertaken for this 
thesis, namely: the Space Signpost, the Pelican Crossing and the Big Screen – Live 
Site: the iPlus Points. In this chapter conclusion, firstly, I presented the twelve key 
insights that underpin the Approaches Framework and the Conceptual Materials for 
Design Research, that were identified through analysis and evaluation of the 
evidence from the four case studies. After which I described the Approaches 
Framework and the Conceptual Materials for Design Research, and explained how I 
identified and developed them both. In the next chapter I shall describe the Urban 
Interaction Design Workshop that was designed to test the Approaches Framework 
and the Conceptual Materials for Design Research with a group of multidisciplinary 
creative practitioner-researchers. 
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CHAPTER 6 - URBAN INTERACTION DESIGN WORKSHOP 
 
“I must admit that I didn't expect to get so much out of it, and it's raised 
really obvious flaws in my own project, but then it has got me to think far 
more about the emotional element of design.” 
 
“I found it really tricky in a very good way, and that's what it should be, 
challenging, I do feel challenged and that's a good thing.” 
 
“I think interaction, digital to physical, is often lead by a mechanical or 
systems interface. Interaction is not just lead by a concealed mechanism 
whether it’s digital or physical it’s about the whole tactility, that was 
clarified when I was responding to this work.” 
 
Three participants reflecting upon the workshop, January 2015  
 
 
The research undertaken in this thesis has led to the development of two resources 
for design research: the Approaches Framework and the Conceptual Materials for 
Design Research (Chapter 5, pp.202-207). This chapter presents and discusses the 
findings from the Urban Interaction Design Workshop (UIDW) held in Bristol on 23-
24 January 2015 at the Digital Cultures Research Centre (DCRC). It was a formative 
workshop that was designed to test the validity and applicability of the two resources 
for design research, and to inform the second stage of their development. The 
workshop was designed for, and attracted, contemporary designers and artists whose 
work explored the research and design of physical-digital artefacts for outdoor public 
spaces. Many participants described their practice in hybrid terms, e.g. “My research 
focus is digital craft, which sits at the intersection of design and craft practice, 
physical interface design”, thus locating their practice at the interchange with the 
fluid and evolving field of interaction design research. Therefore the workshop 
findings offer a multidisciplinary practice-oriented perspective from the intended 
future users of the resources on their relevance, usefulness and value for improving 
the design of physical-digital artefacts located in the public realm. 
 
During the workshop a participant noted her inability to locate relevant frameworks 
to employ as part of her research into physical-digital synthesis, and reasoned this 
was because her practice “is a crossover, it isn't always easy, as the HCI 
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[frameworks] don't quite fit in, nor do other ones fit.” In order to address this 
situation, it is intended that the Approaches Framework and the Conceptual Materials 
for Design Research will contribute to the conceptualisation, research and design of 
physical-digital artefacts for the public realm, thus supporting the design research 
processes of creative designers concerned with physical-digital synthesis for the 
public realm.  
 
The UIDW aimed to facilitate cross-disciplinary exchange, by forging fresh 
connections and facilitating conscious inquiry into the potential for different forms, 
perspectives and concepts. The findings from the field study held at Central Saint 
Martins with multidisciplinary material-centred designers influenced its structure, 
content and delivery. As highlighted by the field study, designers employ sets of 
practices, processes and techniques that are pertinent to their subject specialisms. For 
instance, those studying textile, ceramic or industrial design will all be operating 
within areas that have different histories, traditions, methods of analysis and critique, 
and specialist languages. Therefore, whilst the workshop participants were already 
deeply invested in multidisciplinary exchange, it was anticipated that at times they 
would encounter the connections and disconnections between ‘differently passionate 
minds’. In order to mitigate the challenge of potential disciplinary incompatibility at 
the UIDW, and to generate new knowledge through participant engagement with 
both resources for design research, a community of inquiry approach as well as 
practice-oriented activities were employed throughout. The UIDW aimed to extend 
the boundaries of the participants’ disciplinary knowledge and experience, whilst 
simultaneously recording their encounters for the purposes of this investigation. 
	  
Figure 42. Urban Interaction Design Workshop, Bristol, 24 January 2015 
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In order to address successfully the central question of this thesis, the key questions 
posed at the workshop were: 
• How does engagement with the Approaches Framework impact upon the 
ways in which participants develop their projects or practice? 
 
• Is the experience of the practitioner and/or researcher improved by using the 
Approaches Framework?  
 
• Is the Approaches Framework able to be interpreted and applied by people 
from different creative design disciplines involved with designing physical-
digital artefacts? 
 
• How does engagement with the Conceptual Materials for Design Research 
impact upon the ways in which participants develop their projects or practice? 
 
• Is the experience of the practitioner and/or researcher improved by using the 
Conceptual Materials for Design Research?  
 
• Is the Conceptual Materials for Design Research able to be interpreted and 
applied by people from different creative design disciplines involved with 
designing physical-digital artefacts? 
 
In this chapter, firstly I provide a background to the formative workshop that was 
designed to test the validity of my research findings and to inform their development. 
Secondly, I give a summary of a sample of the participants. After which I briefly 
describe the research methodology and workshop programme, and then go on to 
discuss the findings from the evidence gathered across the workshop. I conclude with 
a set of recommendations.  
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6.1.  Urban Interaction Design Workshop: background 
The aim of this thesis is not to develop big theories and abstraction, rather it is 
concerned with creating knowledge and methods for use by practitioner-researchers 
from multiple creative design disciplines, who are working in real-world 
environments. To achieve this goal, two resources for design research have been 
generated during my research to date: the Approaches Framework and the 
Conceptual Materials for Design Research. The former brought together the four 
sensitising concepts that emerged from the Contextual Review (assemblage, 
multisensorality, materiality and embodiment) into a framework intended for 
practical application, which I used to frame my investigation of the case studies. For 
the purposes of this chapter I use the term ‘approach’ when discussing any of the 
sensitising concepts. The latter is an original outcome derived from my case study 
observations. Both resources for design research are intended to be to be 
interpretable and useable by different creative design disciplines, as well as 
applicable to newly-forming and emerging hybrid-investigations.  
 
The Urban Interaction Design Workshop was a formative activity which was 
designed to test the two resources with participants, who employed and critiqued 
them, so as to evaluate their applicability and value for the design of physical-digital 
artefacts for public space.  
 
Approaches Framework 
The Approaches Framework was used to structure the workshop. Each ‘approach’ 
acted as a platform for investigation by the participants, and in so doing, the 
participants applied and tested the Approaches Framwork as methods for design and 
research. Here, one participant describes her perception of embodying the 
Approaches Framework: 
“The other half of me was aware of the positioning and the sequencing and 
the facilitating of the flow of conceptual exploration that we were all part of, 
it was a temporal embodiment of the matrix in the workshop.” 
 
The Approaches Framework was intended to support provisional and contingent 
creative exploration by the participants, as well as be a resource for designers to 
continually and creatively challenge their design concepts and practice. Participants 
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engaged with each of the four approaches through a focus on inventive methods, 
quick creative experiments and collaboration. They were asked to undertake 
activities that afforded an experiential embodied engagement with each approach, 
e.g. a multisensorial observation of a local site, and investigating materiality through 
making. Participants applied the Approaches Framework to their personal projects in 
order to provoke critique and stimulate development. 
 
Conceptual Materials for Design Research 
The creation of the Conceptual Materials for Design Research (vulnerability, 
continuity, hybridity, credibility, mutability and mobility) was informed by findings 
from the physical-digital artefacts case studies and the field study with CSM students 
undertaken during my research. In addition, the framework’s ‘subject types’, namely 
spatial, system, citizen, object and social, were also born from these physical-digital 
artefacts case studies. During the workshop, the participants engaged with the 
conceptual materials in several ways, including working in pairs to create a physical 
representation of the concept, and in association with the Approaches Framework. 
The cohort also explored their own projects through the application of individual 
conceptual materials. Through undertaking these various modes of engagement with 
the conceptual materials, the versatility and applicability and value of the resource 
was tested robustly. 
 
Both resources for design research are presented within the workshop programme 
later on in this chapter (see pp.218-221). Before concentrating on the workshop 
programme and its associated activities, at this point I shall turn my attention to the 
participants. 
 
Participant profile summary 
Two months before the Urban Interaction Design Workshop started, an open call for 
participation was promoted through the Arts Council England’s website, the 
Pervasive Media Studio e-newsletter, the DCRC e-newsletter, and through my own 
personal contacts. Applicants were asked to communicate why they wished to take 
part and their suitability to do so, by answering three questions. Sixteen people were 
accepted, and fourteen took part. They were selected from a deliberately diverse set 
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of art and design disciplinary backgrounds, and were all interested in reconfiguring 
relations between people, creative technologies, materials and the urban 
environment. Whereas the participants from the field study at CSM were all 
multidisciplinary creative designers from material-centred disciplines, the UIDW 
participants were from a range of creative backgrounds, e.g. artists, designers and 
architects. In addition, there was one structural engineer from Arup. As this research 
was conducted at the nascent stage of material-centred creative designers exploring 
physical-digital synthesis for the public realm, this group of intended future primary 
users of the resources for design research was not at-hand. 
 
Half of the participants were PhD students from the following institutions: Queen 
Mary University of London; University of Falmouth; University of Nottingham; 
University of Bristol and University of the West of England. All of the doctoral 
students had also experienced professional practice. The remainder of participants 
were creative practitioners who were also committed to a research-led agenda. Many 
participants presented themselves in hybrid terms, whether through the description of 
their professional identity, or the explanation of their practice: 
“[I am] an award winning Choreographer and Creative Technologist.” 
“My work straddles the disciplines of soundscape composition, algorithmic 
music, data capture and psychogeography.” 
 
“I’m an artist and researcher with a background in sound art, currently 
interested in the relationship between smart city technologies and an 
affective sense of urban space. I have some background in interaction 
design.” 
 
The ambiguous professional identities afforded by hybrid practices mirrors the 
findings from the  designer field studies, where participants also described 
themselves or their practice in hybrid terms.  
 
Participants’ reasons for taking part in the Urban Interaction Design Workshop fell in 
to three categories: exploring new conceptual and methodological tools relating to 
interaction and interactive system design; opportunity for multidisciplinary 
collaboration; investigating design approaches for future connected spaces. The 
individual projects that they brought to the workshop all involved human encounters 
with materials, creative technologies and urban space, although the thrust of the 
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projects was varied e.g. novel or mundane urban objects, performance in connected 
space and multisensorial dynamic data visualisation. Only two participants brought 
projects that did not concentrate on developing physical-digital artefacts that were 
fixed and static. The first one involved large scale projections of ‘selfies’, and the 
other sought to explore interactive dramaturgy in connected space. However, all 
involved rich explorations of new types of spatial relationships enabled through 
physical-digital synthesis. 
 
In the early stage of the workshop the participants were asked to identify mutual 
points of interest and exploration during a group discussion. In doing so, a range of 
themes emerged, including: sensory array of interaction; materializing the concealed; 
spontaneity and playfulness; new starting points for interaction; boundary blurring. 
Each participant was used to employing practice-oriented approaches to their work, 
and had an interest in designing connected objects and experiences for current and 
future techno-social contexts. Some participants were deeply engaged with existing 
and emerging technologies and others had a rich involvement with materials. There 
was much interest in focusing on the human experience, whether that of the designer, 
the user, or the co-creation process. When invited to map computational objects in 
urban space, and their related issues and concepts, questions raised by the group 
included, “Should we presume to curate the city?”, “Is public engagement too 
fleeting?” and “Are we being disciplined by a digital system that has an ideological 
perspective?”. As can be seen by this summary of the interests of the workshop 
participants, including their shared themes of investigation, they were representative 
of a broad spectrum of people who are currently addressing physical-digital synthesis 
for human experience in the public realm. Thus, the participants were an appropriate 
multidisciplinary group of creative practitioner-researchers to attend the workshop, 
as they represented the type of future audience for whom the resources for design 
research are designed.  
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Figure 43. Urban Interaction Design Workshop, Bristol, 24 January 2015 
 
6.2.  Research methodology 
I adopted a case study approach to test the two resources for design research. This 
was an appropriate choice for a small-scale investigation as it focused on a single 
contained instance - the workshop. Hence an in-depth study was possible from which 
to gather valuable and unique insights that are more likely to be uncovered using an 
approach that affords granularity, a focus on relationships and processes, and variety 
of research methods. In this instance, the workshop was not a ‘naturally occurring’ 
phenomenon as it was designed by myself specifically to test and inform the 
development of two resources for design research (Yin, 1994). Yet the approach can 
still be identified as a valid case study, because the UIDW was a single example of a 
broader class of collaborative workshop events that happen regularly in the domains 
of art and design higher education, practice-led research in the creative arts, 
professional lab research contexts and so forth. 
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Research methods 
Qualitative research methods were employed for the collection and analysis of data. 
At this point it may be useful to note the appropriateness and advantages of 
qualitative research for this study. Firstly, the data and the analysis are ‘rooted in the 
conditions of social existence’ - remembering the naturalness and reality of the 
designer workshop setting being studied, and the attempt to engage with the lived 
experience of practitioner-researchers (Denscombe, 1998, p.280). Secondly, 
qualitative approaches afford a detailed and granular gathering and consideration of 
data from different perspectives. Thirdly, due to the nature of my own role in the 
production of the resources being tested and the study itself, an analytic approach 
that recognises the involvement of the researcher in the collection and interpretation 
of data is efficacious.  
 
I employed multiple established methods: 
• participant workshop application forms; 
• workshop observation and field notes; 
• audio recordings of plenary session; 
• audio recordings of the participant presentations; 
• photographs of each stage of the workshop;  
• photographs of the objects produced across the workshop; 
• video recording of final exhibition presentations; 
• design research matrix completed by each participant; 
• a questionnaire – more on this can be found in the appendices; 
• post-workshop semi-structured individual interviews. 
 
Data analysis procedure 
Throughout the data analysis process I undertook an iterative and cyclical approach. I 
started by undertaking an initial reading of the information gathered from my field-
notes, questionnaires, and interview transcriptions. I then started the systematic 
process of coding the data, thereby classifying themes as they emerged, and using a 
large number of initial categories. I sought to identify themes and significant ideas, 
and reviewed and recoded them repeatedly. From the codes I generated a description 
and thematic analysis, and over time, the number of categories reduced and the 
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themes became more settled. Finally, I coded the thematic findings against the 
predetermined research evaluation criteria below. To ensure validity, each of the 
findings had at least three individual instances as evidence, as such, the quotes used 
throughout this section are typical and not isolated instances. My method was 
manual, colour coding the text and creating diagrammatic representations of the 
emerging themes, and I chose not to engage any software for data analysis. 
Triangulation of data collection and analysis was employed in order to strengthen 
reliability and validity (Creswell, 2003; Denscombe, 1998). In addition, my thorough 
approach to data collection, coding and analysis provided further validity for the 
accuracy of the findings. 
 
Research evaluation criteria 
This thesis seeks to ‘improve the design of physical-digital artefacts in the public 
realm’. It places ‘improvement’ as being relatively better than before, and positions it 
as a subjective and contextually relevant concept. The four evaluation criteria for 
improvement, against which the two resources for design research were analysed and 
evaluated are:   
1. Expanded design methods;  
2. Expanded conceptual framing;  
3. Greater contextual awareness of systems;  
4. Designers using the tools within their research and practice.  
After the research evidence was evaluated and the findings were discussed, the six 
questions produced for this workshop were addressed. As with the other primary 
research studies in this thesis, when unexpected yet pertinent insights emerged 
during the analysis of the data they were included in the findings and discussed. 
 
Community of inquiry 
A community of inquiry requires a facilitator to guide and support the process of 
participant discussion and engagement, but not to lead it nor have a predetermined 
expectation of the outcome (Lipman, 2003). The field study revealed that participants 
valued working as part of a multidisciplinary community of inquiry, and perceived 
the experience to be beneficial to their practice. This finding informed the 
development and structure of the Urban Interaction Design Workshop, which 
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adopted the community of inquiry approach. Furthermore, to support the multiple 
disciplines present, the workshop did not privilege a specific domain although, 
naturally, it was sensitive to interaction design research in relation to tangible, 
multisensorial and aesthetic considerations and perspectives. Experiential learning 
and situated reflexivity underpinned the workshop, with the participants working as 
reflective practitioners to support their own disciplinary practice and research. Thus, 
they were expected to perform both reflection-in-action, and reflection-on-action as 
part of their engagement with the workshop (Schon, 1984). 
 
Workshop programme 
The Urban Interaction Design Workshop took place on 23-24 January 2015 at the 
Pervasive Media Studio in Bristol. It was hosted by the Digital Cultures Research 
Centre, University of the West of England. This section provides a summary of the 
workshop, including the programme and resource materials. A website about the 
workshop was created to provide a sense of the workshop and its intents, 
http://urbaninteractiondesign.wordpress.com/ 
 
Foundational to the construction and presentation of the workshop was an 
understanding that the participants brought with them individual research 
methodologies informed by a practice-oriented processes of inquiry. It was also 
necessary for the workshop to support individual as well as multidisciplinary 
collective creative and critical inquiry, and a culture of mixing methods, tools and 
techniques. As such, the workshop’s methodological groundings combined ideas 
from Research through Design and Research in the Arts, as well as employing a 
community of inquiry approach.  
 
The structure of the two-day workshop enabled the participants to experience each 
component of the Approaches Framework as an individual thematic stage. However, 
the workshop was not siloed in its make-up, rather, it was an holistic and interwoven 
construction whereby participants experienced relational aspects of the frameworks 
across both days. For instance, during the Assemblage Stage at the end of day one, 
participants were also engaging with the Conceptual Materials for Design Research.  
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Workshop programme: day one 
	  
Figure 44. Urban Interaction Design Workshop programme 
 
The first day started with an introduction to the research and aims of the workshop 
(Fig. 44). The participants were then involved in a group activity where they jointly 
developed a reference resource of physical-digital artefacts located in public space 
and identified related concerns and themes. Stage 3 saw each participant give a four-
minute presentation about the project they had brought to the workshop. After which 
there was a briefing about the afternoon’s activities.  
 
The afternoon saw the cohort undertaking three strands of activity:  
• Stage 4 ‘Materiality’: small groups focused on the materiality and narratives 
of objects supplied to them. One task saw participants handling and reading 
material narratives by using description, deduction and hypothesis. A further 
Materiality brief stated: 
Make intimate architecture for the urban setting. This means make something 
of scale for the body, located in the city. Some may call it jewellery though it 
is not necessarily wearable, but habitable. It must provide some form of 
covering or shelter for the human form.  
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• Stage 5 ‘Multisensorality - Reframing the city’: individual and group work 
adopting a multisensorial approach to local outdoor sites. This was also the 
first time that the participants employed the conceptual materials as part of a 
practical activity, and were provided with a specific question to use during 
their investigation: 
•Millennium Square: “If an object has a technical GLITCH, do we welcome 
it and design objects that perform RECIPROCAL GLITCHES?” (Fig.45); 
 
•College Green: “What are the TRANSITIONAL RELATIONSHIPS 
linking a person with an artefact through interaction?” 
 
•Fountain Square: “How can people test the TRUTHFULNESS of the 
information?” 
 
• Stage 6 ‘Assemblage – Permission to play’: small groups critiqued one 
group member’s project through the thematic frame of assemblage, and then 
applied a Conceptual Material to the project in order to ‘surprise the system’.  
 
	  
Figure 45. Workshop resource for ‘Multisensorality – Reframing the city’ Stage 6, day one 
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Workshop programme: day two 
	  
Figure 46. Urban Interaction Design Workshop programme, and data collection methods 	  
The second day of the workshop further explored the Conceptual Materials for 
Design Research, and the Approaches Framework. The day started with an overview 
of the previous day’s activities after which the participants worked in pairs to 
undertake a quick activity to reacquaint themselves with the Conceptual Materials 
and materials thinking. Stage 3 ‘Concept Matrix’, required small groups to develop 
new sets of questions to include in the Conceptual Materials matrix, thereby testing 
the framework as a generative and creative tool for design (Fig. 41). Stage 4, the 
‘Embodiment’ strand was purposefully less directed so as to gauge how undefined 
the communication and presentation of the Approaches Framework could be in the 
future. The activity for the fourth approach was introduced by a presentation of the 
application of anthropomorphism, undertaken as part of my study of the Pelican 
Crossing. After which the participants were asked to explore the ‘embodiment’ 
approach, using their own interpretation of the term. The afternoon invited each 
participant to return to working individually in order to develop their own project, 
and to then present it in an exhibition and plenary session. At this point, influenced 
by the workshop experiments, the potential changes made to the projects and 
participants’ practice became evident. 
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Workshop resources 
The physical resources central to the workshop were notebooks and pens, a range of 
materials for making, and an A1 poster of the Conceptual Materials for Design 
Research presented in a matrix. Creatively engaging with materials and exploring 
materiality was central to the workshop as it sought to stimulate emergence and 
reflexivity. The participants were encouraged or required at various stages to 
investigate materials in multiple ways, including handling sessions, making sessions, 
hypothesis generation and so on. In this way, participants were supported to generate 
new ideas or objects which in turn prompted participants to make a further response. 
An array of media was supplied that included designed artefacts, paper and pens, 
sketchbooks, tarpaulins, marshmallows, coloured pom-poms, string, cardboard pots 
and sponges. As such, whilst the materials were in themselves familiar objects, they 
were being experienced in a new context by the participants, which enabled 
unpredictable and unexpected outcomes. 
 
 
Figure 47. Participants collaborate during the UIDW, Bristol, 23 January 2015 
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In this section I provided a summary of the two resources for design research and 
described how they were employed within the workshop programme. I have also 
given an overview of the practitioner-researchers who were selected to take part in 
the UIDW, and explained that they worked within a community of inquiry during the 
workshop. I also provided a summary of the research methodology I employed 
during this case study. In the following section I shall present the findings and 
discuss their relevance for this thesis.  
 
 
6.3.  Findings and discussion  
Throughout the workshop the participants undertook both reflection-in-action and 
reflection-on-action, and communicated their insights and responses to the sessions 
verbally, materially and in written form. In this way, a wealth of rich data was 
generated and collected using a multi-methods approach, thus providing an 
opportunity to corroborate the data and enhance its validity. In order to answer most 
fruitfully the key questions addressed in this chapter, and to convey a sense of the 
quality of the participant conversations and critique prompted by engagement with 
the tools, I have chosen to treat the data holistically and to include the voices of the 
participants throughout. In so doing, it is not my intention to suggest an unequivocal 
truth, but to use the extracts as supporting evidence and to illustrate a finding. As 
would be expected, this data could be categorised in several ways and applied to a 
number of research themes. For the purposes of this study, I have chosen not to treat 
the data in a chronological form, rather it is gathered to most usefully answer each of 
the categories to be addressed for the purposes of research evaluation.  
 
In this section I present the findings from this workshop which were evaluated 
against the four criteria detailed in this chapter, and discuss the thinking and 
outcomes they stimulated. After which I address the six research questions detailed at 
the start of this chapter. I discuss the potential for the Approaches Framework and 
the Conceptual Materials for Design Research to improve the experience of 
practitioner-researchers, and the applicability for the two resources to support 
multidisciplinary exchange. I go on to discus the presentation and communication 
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design of the resources, before concluding with a set of recommendations to inform 
the further development of both resources for design research.  
 
Expanded design methods  
Quick and playful material inquiry 
Participants described how their experience of focusing on ‘materiality’ through 
embodied engagement with the materiality approach impacted positively upon their 
practice, and identified changes they would make within their own design research 
processes. For example, Lucy pointed to the value of employing material inquiry and 
quick iterative experiments in the early stages of concept design, and explained that 
in future she would invite people to interact with her work in development, thus 
achieving “quick prototyping Design Research-in-Action.” Similarly, other 
participants described how expanding the types of materials they use in order to 
“think beyond my preferred format”, responding quickly to a design task and 
playfulness, resulted in ‘opening-up’ their creative processes. In addition, some 
group members considered early-stage material inquiry as a method to inform and 
support their familiar sketchbook-based method. 
 
New or redefined methods 
The multidisciplinary backgrounds of the participants became apparent when they 
were presented with an approach that led to their existing disciplinary understandings 
of the term coming into play. When tasked to explore ‘embodiment’, the drama 
student’s preconceptions and cultural investment in the term came to the fore: 
“Embodiment is something I work with anyway. But obviously it might have 
differences in ways of looking at it in this area to my own theoretical more 
performancy area. Embodiment in this context was used more as representation 
than embodiment.” 
 
However, she went on to explain how learning about alternative ways of perceiving 
and using methods that are already core to one’s discipline should be viewed a 
strength for practitioner-researchers, as their repertoire of methodological tools is 
increased. Contrary to the example above, a second participant who hailed from the 
interaction design and HCI domain, was unfamiliar with the creative method of 
embodying a technological object and giving it human attributes and characteristics, 
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which she considered to be a valuable method to support the design of future 
physical-digital artefacts: 
“What I also found today most useful is embodying the object in writing as 
you have done with the Pelican Crossing - somehow anthropomorphise - it 
can bring home the lifeness of the object.” 
 
Whilst these two accounts make evident the difference in interpretation and therefore 
potentially diverse applications of the approaches that members of the sample group 
brought to the workshop, they also illustrate how the approaches can be considered 
to be valuable by the participants, whether experienced as novel or as a 
reinterpretation that challenges their own individual existing processes and methods. 
 
Conceptual and practical investigation 
 
“The assemblage category was engaging and useful as it incorporated  
many strands.” 
 
As the quote above suggests, the stage concentrating on ‘assemblage’ revealed 
different types of creative investigation, both practical and conceptual. Participants 
who chose to concentrate on identifying and reconstituting the individual elements of 
a physical-digital artefect, expressed value in “deconstructing a design and 
reassembling it” as a productive method to support inquiry:  
“I found it really useful, we almost pared Chris' project back, we simplified 
it, and that was the act of assembling it. And that was really helpful, because 
you know when you've got an idea it can be really complicated in your head, 
but when you are actually constructing it with someone else it exposes the 
redundant elements and so I found that really helpful.” 
 
Other groups chose to use the assemblage approach as a method to facilitate critical 
inquiry of physical-digital artefacts in socio-political, cultural and economic 
contexts, thereby interpreting assemblage in the tradition of actor-network theory. 
These examples illustrate how engagement with the assemblage approach has 
enabled participants collaboratively to advance the design of a project at-hand, and 
also for their projects to be explored practically in a wider theoretical context. As 
such, the findings suggest the assemblage approach is versatile and generative for 
multidisciplinary designers. 
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Multisensory ‘self’ and others 
Multisensory methods for exploration were adopted as ways to experience a site, as 
well as a lens through which to observe others’ behaviour. Firstly, one group 
studying Millennium Square discussed the reflective qualities of some of the objects 
located there, and also people’s tangible interactions with them: 
“The objects’ reflections invited people to stop, to play... the reflection on 
the water surface afforded people to stop - people put hands in the wall of 
water as they walked past. They just want to break the water.” 
 
The group noted how the vertical sheet of water acted as an affordance to touch and 
to ‘break’ the water, either when stopping in order to interact with it, or in a casual 
moment when passing by. Both forms of interaction appear to have a playful 
element, whether a considered or more opportunistic and fleeting interaction. 
Secondly, the group acknowledged their aural experience of the site’s soundscape as 
a strong factor in the multisensorial experience of Millennium Square: 
“Constant interference from the TV, changing channel all the time. It was 
really hard to intentionally interact with other things.” 
 
“Even though it was a screen, it sonically dominated the space.” 
 
Thirdly, the group studying College Green reflected upon their encounter: 
 
“Low on smells, high on sight, touch, hear, especially hissing of buses, 
clanking of skateboards, church bells, feet squelching, whelps of laughter…” 
 
“Skates are doing a percussive moment on a bench etc, so you can hear the 
materiality of what they are made of, but also architectural bounce of noise.”  
 
Through their initial aural investigations, the sonic affects of the outdoor public 
space were discussed, and subsequently the potential sonic affects of a future 
physical-digital artefact entering that space were considered. Hence we can see how 
the use of a multisensory approach to design brings an expansion of the research 
methods available to a participant, and stimulates the creation of future narratives. 
 
Expanded conceptual framing 
Project development 
Participants revealed specific ways in which their engagement with the two resources 
for design research had altered or influenced the conceptual development of their 
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individual projects. The examples given included reconfiguring notions of space, 
user interaction and object identities. For example, a participant whose research 
concerns the interweaving of biosynthesis, digital technologies and craft, employed 
the Conceptual Material ‘vulnerability’ as a critical lens to interrogate her project, 
and as such she was able to generate and open-up new perspectives, and approach 
her project in unanticipated and novel ways that she considered of value: 
“Taking vulnerability into the space out there, and positioning my object 
within that has had quite a powerful impact, and this is because the element 
that I can't believe I've missed, I’ve been talking about these living growing 
structures, but I've not considered whether they have an emotional identity 
of their own, and if they do, what that emotional identity is. So vulnerability 
forces those sorts of questions. Vulnerability was very powerful for me.” 
 
Participant engagement with the two resources can be seen to provoke a recasting 
and expansion of a research project by stimulating new questions related to multiple 
themes of concern to that project. Thus this proves the Approaches Framework and 
the Conceptual Materials for Design Research to be interpretable, versatile and 
generative for the positive development of projects. 
 
Stimulating critique 
The findings suggest that participant engagement with both resources stimulated rich 
conceptual discussions regarding myriad aspects of physical-digital artefacts located 
in outdoor public space. The evidence reveals how participants were individually and 
collectively provoked to explore new perspectives regarding the design and 
experience of technological objects in outdoor space. For example one participant 
demonstrated how the use of a Conceptual Material enabled critical engagement 
when using it as a frame to interrogate and reinterpret other people’s projects: 
“I started to think of it as a positive term, in terms of a couple of projects. In 
terms of making yourself vulnerable, or making yourself vulnerable through 
inviting touch.” 
 
A second participant was provoked to critique the potential experiential and 
emotional affects of human-object interaction, and a third was prompted to consider 
and question the fluidity of a proposed site of a future physical-digital artefact. 
Indeed the mutability of space and the potential temporal affects on a technological 
object was also explored through creative and critical collaboration. This led to a 
discussion about how the experiential qualities and affordances of a physical-digital 
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artefact might evolve depending on its context. Through their collective inquiry, the 
group positioned potential mutable and extendable experiences of situated 
technologies as a design consideration for future physical-digital artefacts. 
 
Whilst the discussion above suggests adding a level of complexity through functional 
and experiential mutability, other collective investigations explored the user 
experience of technological objects through the lens of its digital system, prompting 
the experiential value of simplicity to be critiqued. This led the group to discuss the 
potential for evolving user behaviours as a force to change the system:  
“Part of its assemblage is cultural history… whether some of the emergent 
behaviour comes from other people that you don’t expect, without having to 
pack in the functionality in the thing itself with the electronics?” 
 
“This highlighted the possibility of manipulation by citizens into a different 
outcome.” 
 
A separate group chose to explore decontextualised interaction with an object, and 
suggested that an object located in a vacuum mutates depending upon people’s 
interpretation of it. Participants further demonstrated how the Conceptual Materials 
for Design Research were employed to stimulate rich collective critical inquiry when 
choosing to use ‘credibility’ to investigate notions of truth in terms of the outdoor 
spatial context, objects, and ethics: 
“There were so many multifaceted purposes playing out that maybe the 
question should be about the varieties of truthfulness.”  
 
“Very useful to social/spatial design. It’s about functionality, trust and being 
as it is deemed to be – particularly ethically important.” 
 
It is worth noting that through their discussion, members of this last group revealed 
an interpretive tension when trying to define the word ‘truth’ in the context of the 
Multisensorality stage. This suggests that upon occasion a term may prove a block to 
exploration rather than a gateway. Further discussions about the meaning of 
credibility led to socio-cultural and temporal aspects of the conceptual material being 
raised, thus providing a historical perspective of space and materiality. 
 
Throughout the workshop participants expressed the value that they perceived 
multidisciplinary exchange brought to their creative and critical processes. The 
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materials used in the workshop were described as supporting multidisciplinarity and 
mutual understanding as they enabled a shared language to develop through 
physicality:  
“The way you explain something will be in the terminology and language of 
your discipline and it will be understood differently by other disciplines, but 
pictures and images and physical objects are a really great way to make 
people think on more of the same page.” 
 
Thus, often within an hour, shared conceptual understanding across creative 
disciplines was supported by participant engagement with materials and through the 
making of physical objects. 
 
Fundamental conceptual change 
During the Urban Interaction Design Workshop there were occasions when 
individual participants expressed a foundational shift in the way that they 
conceptualised material-digital relationships. For example, one participant noted how 
her engagement with the ‘embodiment’ approach stimulated a significant conceptual 
reframing of the relationship between the physicality and digitality of a 
computational object, “it will be a structure for the digital, rather than the digital 
being embedded into it”. Here we can see a reshaping of the way that digital 
technologies are cast or conceived in the mind of the practitioner-researcher. Another 
participant revealed that her workshop experience led her to reframe her conceptual 
understanding of materials by exploring their “multi-dimensionality”, something she 
already considered digital technologies to have. A final example was born from 
participants who referenced wider digital culture and hybrid space, thereby asking 
whether an object that does not have a digital system inherent within its design can 
still be considered to have a digital aspect, or ‘to be digital’, through its 
representation being enmeshed in the hybrid/digital landscape. These three examples 
reveal the versatility and potency of the two resources for design research to enable 
multidisciplinary designers to reconfigure the ways in which they view subjects that 
are foundational to their design disciplines. 
 
The workshop data reveals an apparent tension for a few participants regarding the 
relationship between theory and design practice, with a few describing their struggle 
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to understand how to apply conceptual perspectives within their practical work, or 
the productive relationships between ‘words’ and ‘doing’, for example:  
“There's always, I find, a bit of a bridge between the verb and the 
making...verbal tends to imply a kind of logical stream of thought.” 
 
However, having initially expressed a similar concern to that above, another 
participant described how her engagement with the Approaches Framework revealed 
to her the potential for mutual and creative relationships between theory and practice, 
which will inform her future design research approach: 
“You are sometimes in a mode of you've got to understand the theory, and 
you lose the trend of the making, but if you try to understand the theory 
through the making, I think that was highlighted in these workshops in 
general in the way it was set up, which was useful for me.” 
 
Hence, the workshop experience enabled this practitioner-researcher to understand 
how she can incorporate conceptual thinking as part of her making activities, thus 
altering fundamentally how she might work in future. 
 
Whilst designing their material expression of the conceptual material ‘credibility’, 
two participants explained that in doing so they “used materials as a language to 
explore”. Their discussions led them to consider whether “we now trust the system 
we cannot see…the ethereal nature of the digital”, and they interrogated notions of 
geometry and the equilibrium of form. The duo put forward ideas of transparent 
materials expressing credibility, while suggesting an unexpectedly light object may 
relay a lack of credibility. They concluded by questioning the affect on people when 
trust is broken “institutionally, politically, culturally…”, and proffered the following 
two questions stimulated by their material exploration of ‘credibility’: 
“Will desperation and circumstances take me back to a system I  
lost trust in?” 
 
“Is it simpler and easier to believe than critique?” 
 
All of these findings relate to a broad spectrum of human relationships with physical-
digital artefacts, e.g. the value of functional complexity or simplicity for the user 
experience, whether digital culture is altering what it means for an object ‘to be 
digital’, different and emergent citizen/user behaviours impacting on the network, 
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and the notion of ‘functional transcendence’. In so doing, the versatility and 
applicability of the Approaches Framework and the Conceptual Materials for Design 
Research as generative tools to support the design of physical-digital artefacts in 
public outdoor space is revealed.  
 
Greater contextual awareness of systems  
As I mentioned previously, the data could have been categorised in many ways, and I 
have avoided duplication where possible. Therefore discussion of ‘systems’ has been 
addressed elsewhere, e.g. Conceptual and practical investigation (p.225). As such, 
whilst this category is notably smaller than the others, this does not equate to its 
lesser importance. 
 
Assemblage: potential for corruption 
As the extract below shows, one pair purposefully explored two different actor-
networks in order to probe economics and values in terms of the contextual 
influences on physical-digital artefact assemblages: 
“We were thinking about who were the actors, and the context of the actors 
and what could interrupt the system. We identified the giver and the taker, 
but there’s two scenarios that are really important to consider, they are about 
the social values in play that set the context for this interaction, and the 
interaction is where you pay for something or give something through the 
physical contact of the handshake.” 
 
Here, the participants determined that the context of an interaction is not inherently 
good or bad, but the system or assemblage holds the capacity for its oppression or 
corruption. This resonates with the actor-network theorists who determine an 
assemblage as precarious, provisional and dynamic. 
 
Shifting socio-political and economic context 
 
“My funding was part of a research grant in 2009 where they explicitly 
wanted to relate the university to digital creative industries happening in 
East London. Various contingent factors mean that Shoreditch is now a very 
expensive place to have offices, which has changed the nature of that system 
somewhat, so arguably those conditions don’t exist anymore, but because 
that’s the nature of the funding, I am encouraged to [work] in specific sites 
in East London.” 
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This participant quote reveals how the socio-political and economic landscape has 
changed in the five years since her research grant was awarded, and yet, because of 
the static conditions of the grant, she is required to produce a physical-digital object 
that relates to a prior contextual state. This resonates with a finding from the iPlus 
Point case study, whereupon the design context underpinning the commission and 
design of a physical-digital artefact is in flux, and may alter during the development 
of the object.  
 
Designers using the resources within their research and practice  
Having taken part in the workshop, the participants identified some ways in which 
engagement with the resources for design research had impacted upon the 
advancement of their own projects. 
 
Material as a design consideration 
Participants discussed the choice of materials for future physical-digital artefacts, and 
explored the relationship between the material as an artistic expression and the user 
experience of that material, for example: 
“What I think would be a nice invitation to someone materially, would it be a 
nice invitation to someone else? What’s the long term?” 
 
Hence, the participants considered the impact of an artist’s creative decisions upon 
those who encounter the object. This led to further discussion about the principles 
that designers who are developing material artefacts for outdoor public space might 
adopt to ensure that their work is not a spatio-material ‘imposition’. 
 
Multisensorial site review as a design consideration 
“Constant noise of traffic on all sides… the fountains thickened the white 
noise of the traffic noise, the fountains filled out the white noise.” 
“We felt that everything within and outside the space was sensorially 
offensive, it felt like a centre designed to keep you moving, it is essentially a 
traffic island turned into a public space.” 
 
The quote above highlighted a site that appeared to present the senses with a negative 
experience. The participants mentioned the unpleasant smell from a kebab shop 
mixed with pollution, as well as the unwelcome experience of touching a cold and 
hard metal bench on a chilly January afternoon. This particular experience led one 
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participant who had intended to locate a temporary physical-digital object at the site, 
to reconsider its future location. 
 
Privileging of senses as a design consideration 
In the extract below, a participant explained how she was stimulated to develop a 
new aspect to her experimental project exploring non-visual sensory engagement as a 
result of critiquing her project through application of the Conceptual Materials for 
Design Research. She stated, “that was definitely a new idea of this session”. 
“I have been thinking about Vulnerability and Mutability quite a bit, and 
how does privileging one sense over another actually invite a greater 
connection with the experience? I have been playing with the idea of a 
blindfolded experience…if you had an interconnected elastic among people, 
those sharing the experience might feel more held.” 
 
Therefore, engagement with the workshop resources can be seen to influence the 
development of the future audience experience. 
 
Absence as a design consideration 
Use of the conceptual material ‘mutability’ to interrogate her idea for an interactive 
underpass project at the early phase of its conception, resulted in a participant 
describing a fundamental shift in her thinking: 
“What's going to happen to my project when people aren't around, not just 
when they are around? That’s an important part to think about as well…This is 
useful when talking about dynamic public spaces and multiple users.” 
 
Hence the absence of user interaction with her future physical-digital artefact became 
a new design consideration, and one which may impact significantly on the future 
conceptual and practical development of the interactive project.  
 
Spatial hybridity as a design consideration 
One group collaborated to explore the conceptual material ‘mobility’ as part of their 
interrogation of a participant’s project. As a result, the group expanded the spatial 
context of the installation by incarnating an experience of it in the online world. By 
doing this, they also created new ways for people to experience of the project.  
“Mobility was useful because the piece I was imagining was attached to a 
building, so I had to think could that be mobilized could it be made less site 
specific, should it be made less site specific? You could definitely make an 
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online version of it but why would you do it? Would it be an extension of 
the piece? I found this useful when thinking about how an object could have 
a life away from a site – or have existence in a different realm.” 
 
Here I have presented the research evidence against the four evaluation criteria. In 
doing so I have shown the ways in which the multidisciplinary group of practitioner-
researcher participants used, and have been affected by, the Approaches Framework 
and the Conceptual Materials for Design Research. I shall now discuss the findings 
further and address the six questions posed by this chapter. 
 
Approaches Framework: participant impact 
Addressing the research question ‘How does engagement with the Approaches 
Framework impact upon the ways in which participants develop their projects or 
practice?’, we can see from the findings that participant engagement with the 
Approaches Framework appears to have successfully enabled multiple modes of 
creative and critical inquiry. Analysis of the data indicates that the four approaches 
(materiality, multisensorality, assemblage and embodiment) have supported a range 
of investigations, and that participants were able to identify several ways in which 
their research and practice was positively impacted, e.g. expanding their design 
processes, developing fresh conceptual perspectives, stimulating future scenarios and 
gaining new methods for undertaking multidisciplinary exchange. Moreover a wealth 
of advancements of existing projects was described, including a change in project 
scale and location, and the creation of sound triggers as a new element of spatial 
performance.  
 
The four approaches afforded experiential methods of creative inquiry, as they were 
all “attached to a practical activity”, which was perceived as valuable by members of 
the workshop. At no time did a participant respond that any of the approaches was 
inappropriate for her design research project, or that there was a tension between her 
work and the lens of a specific approach. Indeed, some of the participants expressed 
their belief that all of the approaches were pertinent, and they identified a number of 
approaches as having advanced their research beneficially:  
“The workshop has helped me to realise a number of new dimensions to my 
project, specifically around multisensorality, assemblage and embodiment.” 
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Thus, the research suggests that the Approaches Framework is a beneficial design 
research tool for multidisciplinary designers when experienced holistically. The 
findings also reveal that the Approaches Framework appears to be an interpretable, 
versatile and generative resource for multidisciplinary creative practitioner-
researchers to use as part of their research and practice. The findings from the  field 
study, the literature and from the evidence gathered in this study indicate that 
designer-researchers do not favour prescribed structures or processes, rather, they 
value methods that afford open application and “are not too prescriptive”. Hence, the 
Approaches Framework should be considered an holistic framework for research and 
design that is not rigid and therefore affords a plasticity of use. 
 
Conceptual Materials for Design Research: participant impact 
It is evident from the findings that all of the Conceptual Materials for Design 
Research were employed by various participants during the workshop, and that the 
conceptual materials positively impacted upon the participants’ research and 
practice. Through their engagement with the conceptual materials the participants 
were stimulated and able to interrogate the design of physical-digital artefacts in 
outdoor public space. As we have seen, participants noted that the Conceptual 
Materials for Design Research had an impact upon the development of proposed 
projects, and generated new interaction functionality and design solutions for 
existing projects. When asked individually to reflect upon the usefulness of the 
Conceptual Materials for Design Research for the design of physical-digital artefacts 
in the public realm, responses included:  
“I believe that they were very useful to be able to critically think about 
something… because things like continuity, hybridity, mobility and 
mutability seems to be very natural within a process of a physical-digital 
artefact design” 
 
“I think v. useful for designers, design studios, architects, development 
agencies. Enables depth of study, physicality, credibility, mobility and 
specifically vulnerability which encourages more of a consideration to 
physical/psychological affects of PDO design.” 
 
“The set of conceptual materials has helped quantify issues and clarified 
areas that need to be addressed or considered.” 
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Therefore, the findings reveal that engagement with the Conceptual Materials for 
Design Research impacted positively on the development of research projects 
brought to the workshop. 
 
In addition to stimulating the development of existing projects, the findings also 
reveal that some participants experienced a significant change in their conceptual 
perspective as a result of their encounter with the conceptual materials. In fact, the 
findings show that the conceptual materials were most productive for stimulating 
‘expanded conceptual framing’, with a plethora of multi-thematic questions 
generated across the two days. For example, in the workshop participants worked in 
groups to produce questions that were added to the Conceptual Materials matrix (Fig. 
41), e.g: 
• If an object is able to protect, can it also rage?  
• How do we facilitate the journey of the actors?  
• If your spaces change and the system stays the same, what’s the 
influence of the citizen? 
This result suggests that the categories which make up the matrix, i.e. the conceptual 
materials and the other subject type categories: system, spatial, citizen, object and 
social, appear to be generally interpretable by the participants, and appropriate for 
supporting participants to design physical-digital artefacts for public space. The 
findings revealed that overall the conceptual materials and the associated matrix have 
proven to be interpretable, applicable, versatile and generative.  
 
When reflecting upon the results of their engagement with the conceptual materials, 
the participants’ responses varied from viewing the Conceptual Materials for Design 
Research as an holistic resource with which to investigate their practice: 
“I would probably attempt to use them all to some degree and hope each one 
would enable more critical engagement with my practice.” 
 
“I think it would be useful to review the entire framework at the start of 
each day…or have explanations in a larger format on a wall.” 
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Through to feeling that it would be beneficial for their work to choose from the set, 
and employ the individual conceptual materials deemed most relevant to the project 
at-hand: 
“I personally found some of the conceptual materials more useful than 
others, but I think that’s because it’s this balance of relating the experience 
of these collective design methodologies in practice, back to your own 
practice.” 
 
Related to this last point, two participants highlighted their concern that the 
Conceptual Materials for Design Research in its entirety was not necessarily relevant 
to their research and practice at the time: 
“I think there assumed a set of overlaps which were not always there.” 
“Credibility and vulnerability made me think about things I hadn’t 
considered before. But in many cases I thought of things THEN tried to map 
them to the conceptual materials.” 
 
The last two extracts appear to illustrate a tension, or a bad-fit, between the 
participants’ current projects and the use of all of the conceptual materials, however  
both quotes suggest that some of the conceptual materials were relevant to their 
research. This evidence suggests that applying the complete set of conceptual 
materials to a project may not always be a relevant approach for a practitioner-
researcher designing technological objects. The versatility of use noted above, from 
applying the complete set through to one or two conceptual materials, can be seen as 
a strength of the Conceptual Materials for Design Research. Thus, this resource 
should not be positioned as an holistic tool, rather, it should be considered as a set 
from which designers choose to employ the conceptual materials deemed most 
appropriate to their current design research projects.  
 
The findings also indicate that use of the Conceptual Materials matrix provoked 
thinking and ideas development that extended beyond the realm of the matrix itself. 
For example, the participants’ wide ranging discussions led to several abstract or 
theoretical themes being explored, such as a site’s socio-cultural and temporal 
‘histories’, the affective qualities of biomimicry, and questioning what might 
constitute an authentic design process. Hence, it appears that for the Conceptual 
Materials for Design Research to be most relevant, expansive and valuable for design 
research, two flexible models of engagement should be offered: 
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1. A set of conceptual materials from which practitioner-researchers select 
particular conceptual materials with which to engage; 
 
2. A set of conceptual materials presented within a matrix that contains 
categories pertaining directly to the research and design of physical-digital 
artefacts located in outdoor public space. 
 
This section has illustrated the ways in which the Urban Interaction Design 
Workshop participants reflected upon their experience of using the two resources for 
design research. The research suggests that the participants’ engagement with the 
Conceptual Materials for Design Research and the Approaches Framework proved to 
be a productive endeavor and one that the participants valued: 
“It causes us to see things in different ways.” 
 
“Helps designers think about their project in more depth and in a structured 
way.” 
 
“I guess the set of conceptual materials has helped quantify issues and 
clarified areas that need to be addressed or considered. It has helped putting 
ideas into a framework.” 
 
In the next section I shall investigate this assumption further, and I shall then attend 
to the ways in which both of the resources could be improved in future. 
 
	  
Figure 48. Experimental design output from UIDW, Bristol, 23 January 2015 
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Resources for design research: potential to improve the designer experience 
In order to help answer the question posed by this thesis, this chapter seeks in part to 
discover whether the participants themselves considered the two resources for design 
research to have the potential to improve the design of future physical-digital 
artefacts for the public realm. It presupposes that to do so, the lived experience of 
those actively engaged in the design and research of physical-digital artefacts should 
be improved. As such, two of this chapter’s questions ask: 
• Is the experience of the practitioner and/or researcher improved by using the 
Approaches Framework?  
 
• Is the experience of the practitioner and/or researcher improved by using the 
Conceptual Materials for Design Research?   
 
As has been discussed in earlier chapters, it is clearly impossible to evaluate the 
future, thus other ways of judging the potential for improvement were necessary. 
Therefore, it was deemed appropriate to seek the judgments of the audience for 
whom the resources are intended, i.e. multidisciplinary creative designers who have 
applied both resources practically in a simulated ‘real-word’ setting.  
 
When asked the questions above, the participants’ responses included: 
“Yes I think there is, putting a framework on it helps clarify and quantify 
areas that need to be questioned or considered or opens up a lot of doors, it 
expands really thinking around all the potential pitfalls or all the other 
things that need to be queried or questioned to help develop and move 
things forward so I think its been very good yeah.” 
 
“It makes you think about things you may not normally have thought 
about.” 
 
“If you are trying to create an environment for better design or more 
interesting or wider design process or a more bringing more factors into the 
design process then its doing that, yes its doing that.” 
 
“I must admit that I didn't expect to get so much out of it, and it's raised 
really obvious flaws in my own project, but then it has got me to think far 
more about the emotional element of design, which I think I was quite 
aware of but working with a multidisciplinary team has raised lots of 
different possibilities for me, so yeah I found it great.” 
 
“Yeah, I think that overall it’s been really useful to look at different 
approaches to how we might start to think about and interrogate some of 
these objects that we might design, and look at these different perspectives 
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might inform ways that we could improve their design from different 
perspectives.” 
 
“It opened up ideas of how to evaluate my design and process.” 
 
“More time I would like, because I enjoyed it so much I would enjoy more 
time of it, …  the framework behind it was amazing.” 
 
“Great to co-create, interrogate and acquire new frames.” 
 
As this wealth of participant evidence demonstrates, in general the participants 
responded positively to their experience of using both resources for design research, 
and earlier in this chapter the findings showed how the participants were able to 
provide a number of suggestions for future practical application of the resources. At 
the same time, whilst in the minority, other participants revealed valuable concerns 
regarding the presentation and communication of the two resources. These shall be 
addressed in the following pages.  
 
Multidisciplinary exchange 
In order to answer the following research questions of this study, the participants 
were asked whether the two resources for design were both interpretable by and 
beneficial for groups of multidisciplinary people: 
• Is the Conceptual Materials for Design Research able to be interpreted and 
applied by people from different creative design disciplines involved with 
designing physical-digital artefacts? 
 
• Is the Approaches Framework able to be interpreted and applied by people 
from different creative design disciplines involved with designing physical-
digital artefacts? 
 
Given their range of experiences and approaches, the majority of participants agreed 
that they were able to interpret and apply both resources: 
“Yeah, from the conversations we had it seemed to fit most of the people here 
and everyone was engaging, so maybe that's why it functions then as clarifying 
into the PDO from this broader range of conceptual or contextual 
understandings from a multidisciplinary background that has to come from the 
process of your framework.” 
 
“In terms of the actual frameworks and the elements therein, they have really 
covered alot of the principles and the objectives in a range of multidisciplinary 
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design so it was a language that made sense to all of us yet we've all come from 
very different backgrounds so that was really helpful.” 
 
However upon occasion reservations were expressed by five of the fourteen 
participants regarding the ease of understanding the resources, e.g: 
“The set of Conceptual Materials can challenge ways of working, but I think 
will require a lot of explanation, especially across disciplines.” 
 
While individual categories of the Approaches Framework were familiar to the 
participants, it was revealed that as part of the participants’ usual design processes, 
these categories may be hidden, forgotten or they may never have been considered 
before. In addition, it was apparent that some terms are already central to certain 
disciplines and practice, e.g. one participant described embodiment as a foundational 
concept for her discipline, and explained: 
“I’m not a designer, I’m in theatre and performance … for me although 
these terms aren’t new because I’ve looked at them in different contexts, 
they are new to me in this sense.” 
 
Whilst this could be viewed as problematic, it is worth noting that the performer felt 
that she benefited from being presented with new representations of the term 
embodiment with which to engage. This echoes a finding from the multidisciplinary 
creative designer field study (Chapter 4), and further suggests that multidisciplinary 
designer-researchers will hold existing, varied and contrasting relationships with 
particular terms, and that this should be considered when developing the second 
iteration of both resources for design research.  
 
Interpretation of the Approaches Framework and the Conceptual Materials  
for Design Research 
Having analysed the data regarding the interpretation and application of the two 
resources, it is worth noting that some participants considered the presentation of 
both resources to lack clarity: 
“The only thing would be, I love structure, but I need to see it at the start, 
maybe there's some way that we can understand the framework beforehand. 
Maybe that's my own way of learning.” 
 
“It can work as one method, there should be foregrounding those conceptual 
materials about how they are theories for application for design. Once that is 
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clarified then it becomes an enabling process, rather than grappling with the 
method itself and how it related and how it could be implied.”   
 
Whilst describing her own ease in interpreting and applying the resources for design 
research, one participant noted two types of relationship with the resources amongst 
the cohort: 
“I’ve definitely observed in relation to others there’s much more like ‘oh 
we’ve got some grid parameters to either come up with, to improvise, or to 
interrogate current projects within these conceptual materials and that’s 
really great, or it could be like ‘oh what do we do with this – a lot of space’ 
– and sometimes when you don’t have the conceptual or physical guides to 
help you move forwards, it can be like ‘ahh what do we do?’” 
 
Other participants identified specific conceptual materials that they felt would benefit 
from being more clearly defined when presented for use:  
“I was just thinking of some of the conversations we were having and the 
responses to those, it was hard to differentiate between mutability and 
hybridity - maybe that was almost doubling up.” 
 
“Vulnerability was useful as a social marker, but it does assume a wider 
discourse of security, which it doesn’t have to but maybe that term can be 
refined a little bit.” 
 
In addition, during the workshop some participants found the deliberate structural 
overlapping of the two resources to be problematic as they were sometimes confused 
when encountering and using both resources simultaneously: 
“I feel like the complexity of it was a little too much at points.” 
“The only thing that has been slightly confusing is that it's almost as if we 
have two matrixes or two criteria, it's almost like there's two ways of 
quantifying it which almost muddles it a little bit sometimes.” 
 
In addition, two people expressed a desire to see the resources for design research 
before working with them, in order to situate their activities. Although most 
participants did not express confusion by the communication design of the resources, 
and appeared able to navigate the flow of the workshop, these are significant and 
valuable findings that highlight the need for the presentation and communication of 
both resources to be revised during their next stage of development.  
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Comprehension of the term Conceptual Materials 
The terms ‘frameworks’, ‘processes’ and ‘toolkits’ were often used by the 
participants during their discussions. For the resources from this research to be useful 
for their intended audience they must be readily interpretable by designers from a 
range of subject backgrounds. As such, to inform the development of my research 
outputs, the cohort was asked whether the term ‘Conceptual Materials’ made sense to 
them. The majority, 75% of participants, indicated that the term was ‘good’ to 
‘extremely good’. In order to explore the term further, and test its efficacy, the 
participants were asked to ‘explain what alternative terms you think would make 
more sense to workshop participants and others involved with designing for urban 
interaction?’ A range of ideas were offered by three participants:  
“Design ideas / concepts for design / triggers for design /concepts that 
inform design.” 
 
“A menu of design conceptual materials.” 
 
“Possible Conceptual Tools for Design, but the material aspect is very 
important to me …  overall I think I could say that the resources are in sum 
a TOOLBOX.” 
 
These suggestions were of interest, however, as a significant majority of people 
expressed their acceptance of the term ‘conceptual materials’ I opted to maintain the 
term ‘conceptual materials’. However, for the second iteration of the resources for 
design research I shall test the terms suggested above as part of the investigation and 
development of the resources. 
 
When to use the resources for design research as part of a design process 
From the evidence gathered, the research suggests that the Approaches Framework 
and the Conceptual Materials for Design Research were used successfully as a point 
of departure for ideas generation, and for the development of existing projects: 
“I am trying to convey an idea of how people can move through space while 
blindfolded… if you had an interconnected elastic among people, those 
sharing the experience might feel more held – that was definitely a new idea 
of this session.” 
 
Although, it is worth noting that one participant questioned their applicability as 
resources to stimulate initial ideas:  
 244	  
“I think it functions very well at the stage that we're at, that if you've got an 
idea that's already developed or has some contextual or conceptual 
foundation then a way of sort of developing that forward…Whether it would 
be a complete process, I'm not sure. I wondered whether it would totally 
completely be a starting point for design from scratch.” 
 
The findings illustrate that designers are able to engage with the resources at the 
early stages of their creative processes, whether as a method to stimulate initial 
concepts or as a toolkit for project development. However, when describing her 
group’s interpretation of ‘assemblage’ as deconstructing the functionality and build 
of a proposed project, a participant went on to question the best time to employ the 
assemblage approach in the design process: 
“Where does assemblage work best? Is it at all stages or does it help 
reassess the process during the design phases or is there danger with 
assemblage of thinking about things practically too early in the design when 
you should be more open to out of the box thinking at that point? Does 
assemblage allow for that, or is there different levels of assemblage?”  
 
This insight poses an interesting question about the potential for elements of the 
Approaches Framework be an employed in a space or at a time that may hamper the 
research or design process. The intention of this thesis is to contribute to the early 
stage of the design and research process, and not to produce a resource that aims to 
cover the duration of a project. The findings have revealed that some participants 
saw the potential for the resources to support their projects at different stages of their 
design research process, and others have questioned whether there is the opportunity 
for an approach to be a negative influence. This highlights a need to explore the most 
valuable times for practitioner-researchers to use the resources as part of their 
practice, in the second iteration of both resources.  
 
 Theory and practice: relationships 
A finding from the evaluation of the research evidence revealed that some 
participants find it challenging to incorporate theoretical perspectives in their design 
processes, and perceive academic text or the critical and creative exploration of 
words as running counter to their making practice. The most vociferous perspective 
was expressed by a participant who appeared committed to a single model of 
multidisciplinary design research engagement: 
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“Language isn’t the best cornerstone for Augmented Practices and for 
Collaborative Iterative work…Work with diverse participants can only 
move forward through actions – observation – learning – wishes – next 
action. NOT divorced semantics and preconceptions. I think that language is 
quite a dangerous thing… in academic framework there is a prevalence onto 
that written form as a reference point. In an actual making and development 
process of these kind of physical-digital objects, or any real experience, 
what you have to deal with is from an action based, this is the first action, 
this is the first iteration.” 
 
At this point it may be helpful to remind ourselves that the resources for design 
research are not intended as a standalone set of methods for creative inquiry, they are 
intended as supplements to existing and emergent contemporary designerly 
processes. In addition, the fixed perspective expressed above, does not represent the 
wide range of multidisciplinary creative processes and models at play by 
practitioner-researchers from the workshop, nor was it evident in the field study with 
contemporary material-centred designers. Thus, whilst this participant appears 
invested in a singular design model, her position does not reflect a variety of real-
world contemporary practices, nor does it chime with the expressed opinions of the 
other workshop participants. 
 
A definitive reason for the difficulty or resistance of some participants to incorporate 
theoretical exploration alongside design and making was not apparent in the 
evidence, rather, the specific concerns expressed were particular to the individual. 
For instance, one participant explained: 
“The only thing I have maybe struggled with is that almost I kind of find the 
words more of an inhibitor than an informer into the process, because I was 
almost too busy analyzing what the word meant in that context… I found they 
hampered my natural way of working as a designer.” 
 
Although, this participant went on to say that her concern regarding the words was 
due to the lack of “foregrounding … a different entry point at the beginning.” The 
participant explained that different presentation and further explanation of the 
resources would be an enabler and a way to help the two resources to be more clearly 
understood. Finally, one participant positioned the resources for design research as a 
welcome and necessary challenge to his normal creative design practices, “I much 
better understood this as ways to disrupt the system.” This welcoming of methods 
that can agitate one’s usual design process, thereby unsettling and distorting familiar 
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processes in order to improve design outputs, is contra to the previous two responses, 
and illustrates the varied perspectives and processes that are in-play within the 
creative community. This finding illustrates an aspect of the complex nature of the 
audience for these resources, and highlights the need to investigate the ways in which 
the relationships between ‘theory’ and ‘practice’ can be positioned as relevant, useful 
and generative, in the presentation and communication of the resources for  
design research. 
 
 
6.4.  Chapter conclusion  
The vast majority of the Urban Interaction Design Workshop participants hailed from 
a range of creative art and design backgrounds. Each brought with them to the 
workshop their own various scholarly traditions, approaches, processes and research 
methodologies as part of their usual research and practice. During the workshop, the 
participants all shared artistic and designerly research exploration, e.g. through the 
shared use of materials and making in the workshop a mutual understanding quickly 
emerged through physicality. The research suggests that the participants were able to 
collaborate effectively and to collectively pursue creative and critical inquiry through 
their practical engagement with both resources for design research, thus in general 
both resources appear to have been successfully interpreted and applied by the 
multidisciplinary cohort. The participants considered the Approaches Framework and 
the Conceptual Materials for Design Research to be relevant to their own research 
and practice and saw themselves using the resources within their own 
multidisciplinary design contexts in the future. 
 
The Urban Interaction Design Workshop proved the resources to be generative and 
productive in a real-world setting. They supported experimental, conceptual and 
practical activities. During the workshop, active practical engagement with these 
original resources for design research informed the development of the participants’ 
projects exploring physical-digital artefacts in the outdoor public space, as well as 
provoking new ideas related to physical-digital and social synthesis in urban outdoor 
sites. A range of topics were explored such as: citizens and spatial relationships; 
curating the city; evolution of systems; biosynthesis in the city and materiality. Thus 
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the findings reveal the two resources for design research to be relevant and valuable 
for the audience gathered, as they impacted positively upon the ways that 
participants’ developed their projects and practice, both conceptually and practically. 
 
The findings show a belief by the participants that their design research experience 
was improved through their practical application of both resources for design 
research, however the evidence also revealed significant concerns. My desire for the 
two resources to afford a generative and productive application without being 
prescriptive, procedural or narrowly defined, appears to have caused some of the 
participants confusion. It is evident from the findings that the presentation and 
communication of both sets of resources should be improved in the next stage of 
their development. The workshop programme’s overlapping format caused a lack of 
clarity at times, thus in the next testing workshop the format of the workshop should 
ensure that the two resources are tested separately, and not in an interwoven manner. 
Lastly, to ensure that future creative designer-researchers adopt and use these 
resources as part of their repertoire of approaches, processes and methods, the 
tension that some participants felt existed between ‘theory’ and ‘practice’ is a topic 
that needs attention. 
 
Finally, the finding from the Urban Interaction Design Workshop suggested that in 
future the Conceptual Materials for Design Research should be presented as a 
flexible repertoire of materials, whereas the Approaches Framework should be 
experienced holistically, although not rigidly. In order to help clarify and 
differentiate the two resources further, as a result of the findings of this workshop, I 
have decided to rename the Approaches Framework. The experiential quality of the 
Approaches Framework and its proven suitability for practical application offers the 
opportunity for it to be renamed the Experiential Framework. Therefore, in the next 
chapter, the final chapter of this thesis, I shall be referring to the Experiential 
Framework along with the Conceptual Materials for Design Research when I discuss 
the two resources for design research. 
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CHAPTER 7 – THESIS CONCLUSION 
 
This thesis makes an original contribution to interaction design research and practice, 
through the development of new knowledge and research methods in order to inform, 
support and advance both design research and practice. In doing so it answers the 
central question of this thesis:  
‘What resources for design research can help practitioners and researchers 
from multiple creative design disciplines improve the design of physical-digital 
artefacts located in the public realm?’ 
Addressing the question in consideration of a current major research direction for 
interaction design research which explores new forms of interaction in outdoor 
public spaces through the integration of digital technology and materials, I have 
argued that new foundational concepts, approaches and methods are required to 
support this direction of interaction design research. Furthermore, given the evolving 
multidisciplinary nature of interaction design and the nascent stage emergence of the 
crafts community as participants, I have identified material-centred creative 
designers as the primary audience for the outputs from this thesis.  
 
The outputs are two resources for design research that contribute to the 
conceptualisation, research and design of fixed physical-digital artefacts located in 
public outdoor space, namely:  
• Conceptual Materials for Design Research.  
• Experiential Framework (formerly entitled Approaches Framework). 
 
The chief claim for the originality of this work rests, firstly, on the development of 
the Conceptual Materials for Design Research and the practical application of these 
new tools as a method for design research in a simulated ‘real-world’ design research 
setting, i.e. the Urban Interaction Design Workshop (Chapter 6). These Conceptual 
Materials for Design Research were derived from the four case studies detailed in 
Chapter 5. Also original was the way in which the sensitising concepts (materiality, 
multisensorality, embodiment and assemblage) identified during the Contextual 
Review (Chapter 2) were combined and applied practically as a new method for 
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design research, entitled the Experiential Framework, in a simulated ‘real-world’ 
design research setting, i.e. the Urban Interaction Design Workshop.  
 
Both of these new resources for design research afford multidisciplinary creative 
designers new research methods for the practical application of theoretical concepts 
as part of their design research process, in order to improve the design of physical-
digital artefacts located in the public realm. By creating these two new resources for 
design research it is intended that the experience of designer-researchers will be 
enhanced and that interaction paradigms for future city dwellers will be richer.  
 
 
7.1.  Research through Design: from method to finding   
The research methodology of this thesis afforded a combination of established and 
inventive research methods, which shaped the findings of this thesis. I adopted a 
Research through Design approach for my case study investigations.  
 
As part of the methodology for my thesis I employed the four sensitising concepts 
that emerged from the Contextual Review (materiality, multisensorality, embodiment 
and assemblage) as a set of approaches - both as a theoretical frame and as an active 
design research approach - when undertaking my case study investigations of 
physical-digital artefacts (Chapter 5). Applying the set of approaches that I derived 
(later entitled the Experiential Framework), led to the creation of the Conceptual 
Materials for Design and the ‘twelve key underpinning insights’. Reflecting upon 
how natural it seemed to me when using these four approaches, and the wealth of 
evidence and insights they generated for my own research, led me to hypothesise that 
assemblage, embodiment, materiality and multisensorality may prove a generative, 
productive and transferable design research resource for other practitioner-
researchers.  
 
My experience of applying the Experiential Framework informed the activities of the 
Urban Interaction Design Workshop (UIDW). One example of this was my method 
of handling, manipulating and deconstructing fabric as a way of exploring networks. 
This influenced the Assemblage Stage on day one, which invited participants to 
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interrogate actors in a network and ‘Surprise the system, reconfigure the 
assemblage’. Another example was the multisensorial site investigations undertaken 
by UIDW participants which investigations were a result of productively using the 
Experiential Framework during the Big Screen-Live Site observations. As discussed 
in Chapter 6, the findings from the UIDW revealed that assemblage, embodiment, 
materiality and multisensorality were an interpretable, versatile and generative 
resource for multidisciplinary creative designers to use as part of their research and 
practice. Discovering through this workshop that this new research method, devised 
and used by me, was also of use to other creative practitioner-researchers became 
one of my primary findings.  
 
 
7.2.  Resources for design: open, generative and transferable   
Interaction design research is a porous and evolving field operating in a dynamic and 
fluid era. It is widely accepted that the near future is likely to bring increased 
machine intelligence, more pervasive computing, more biosynthetic materials and 
smarter hybrid environments, as well as new forms of human relationships with 
robotics, wearable technologies and artificial intelligence. The synthesis of these new 
and future materials and technologies will radically re-shape interaction design 
research in the 21st century, which in turn will offer a wealth of potential new user 
experiences in our future cities. As more designer-researchers from material-centred 
design disciplines address the concerns of interaction design research, and as 
disciplinary borders merge, different concerns, traditions and methods of inquiry are 
exposed, some of which may run counter to the foundational concepts and 
assumptions of interaction design. For example, the centrality of the user experience 
to design is a fundamental concern for interaction design and HCI, whereas for those 
from materials-focused design fields it is not a given (Chapter 4, pp.114-115). 
Therefore, bearing in mind the fluidity and ambiguity of the context for interaction 
design research, it is necessary to ensure that any new knowledge and new resources 
produced are open, interpretable, and transferable to different design contexts. 
 
As highlighted in this research (Chapter 4), the material-centred contemporary design 
community uses a repertoire of research methods, processes and techniques that are 
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not prescriptive but which are particular to an individual situational context. For 
some, their own creative processes and research methodologies appear unsettled for 
the majority of their project, whilst others work within a deliberately constrained 
procedural framework. Whilst a general design-specific language is used by material-
centred designers, the research revealed different subject areas had their own ‘jargon’ 
of which others sometimes failed to understand, as there were terms rarely used 
within their own particular subject area, or even if a common term was used it had a 
different meaning.  
 
The wealth of findings from this research revealed that for resources to be perceived 
as relevant and valuable by their audience, the resources must: 
• use an inclusive language; 
 
• not assume knowledge of specific concepts, approaches or research methods; 
 
• be contextually aware e.g. not confer status on particular materials, or assume 
prior types of user experience; 
 
• be presented in a way that are interpretable and enabling, and not prescriptive; 
 
• take into account that the critical and speculative nature of some designer-
researchers’ work means they may be designing narratives around an object 
to stimulate inquiry, and not only designing the object itself.  
 
 
7.3.  Twelve key underpinning insights 
Through my analysis of the research evidence of the four case studies I developed a 
wealth of meaningful contextual insights related to physical-digital synthesis in 
public outdoor space. Twelve of these key insights acted as the contextual 
underpinning for the two main research outputs of this thesis, namely the 
Experiential Framework and the Conceptual Materials for Design Research, as they 
provided the general scope, sensitivity and sensibility of these two new resources for 
design research. 
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The twelve key underpinning insights are: 
 
1. Human encounters with computational objects in the urban outdoors are 
multimodal, multisensorial, improvised, emergent and provisional; 
 
2. Public outdoor space should be framed as being simultaneously dynamic, 
temporal, multisensorial and hybrid; 
 
3. Sensitivity to the cultural life of the location is important when designing for 
public space; 
 
4. Systems presented as ‘closed’ or as ‘top-down’ can be considered ‘open’ 
when people use the materiality of the setting as part of their interaction with 
a computational object, e.g. the variety of ways in which people use sound 
when interacting with the Pelican Crossing; 
 
5. Technical malfunction and vulnerability of physical-digital artefacts can be 
presented as creative and critical opportunities for interaction design research; 
 
6. Physical-digital artefacts are part of networks that are emergent, adaptive, 
mobile, multiple and interconnected; 
 
7. As our interrelationships with and through technological objects in smart 
environments develop, what it means for humans and non-humans to be 
absent or present will evolve; 
 
8. Future proximate connected objects will be interpreted and reinterpreted, 
providing opportunities for refreshed mutuality; 
 
9. People often test the credibility of a technological object before investing in 
it; 
 
10. In our ‘upgrade culture, citizens should be empowered to own and evolve 
certain computational objects, whilst retaining the inherent values that the 
object embodies; 
 
11. Criteria upon which we judge and value new and future physical-digital 
artefacts need to be developed; 
 
12. Design practitioner-researchers need a set of ethical principles to inform 
design research for future connected socio-material assemblages. 
 
 
Openness and inclusivity were driving concepts for this thesis. For example, the sites 
selected as case studies were shared spaces open to all citizens, there were more than 
ninety practitioner-researchers from multiple disciplinary backgrounds who 
participated in the research, and the two primary research outputs, the Experiential 
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Framework and the Conceptual Materials for Design Research, aim to support 
multiple investigative perspectives and practical applications. In addition, the 
research findings discuss ‘engaged citizens being part of the future vision and reality 
of designing and developing situated technological objects for public space’, and the 
twelve key underpinnng insights include citizen empowerment and sensitivity to the 
cultural life of a site.  
 
Woven throughout the research is a strong sense that ethical considerations related to 
the social affects of future ubiquitous computing entwined with advanced materials 
should be of paramount concern for interaction design research. Indeed, an 
assumption of the research is that practitioner-researchers will be motivated to 
provide experiences that are beneficial for all citizens, in ways that make future 
smart and sentient urban spaces more satisfying to inhabit. However, the findings 
revealed that some material-centred designers already consider new bioengineered 
materials and nanotechnologies as part of their design practice. Therefore, with open 
source and nanotechnology, biotechnology, information technology and technologies 
based on cognitive science (NBIC) alongside increasingly hybrid practices already 
making in-roads into the field of interaction design research, coupled with the 
knowledge that ‘we shape our environments and they shape us’, it seems vital to 
debate the ethical implications of the potential affects on societies of physical-digital 
synthesis in urban space and the associated responsibilities of practitioner-
researchers. 
 
 
7.4.  Experiential Framework and Conceptual Materials for Design Research 
As discussed earlier in this chapter, the Experiential Framework tool was tested 
successfully at the Urban Interaction Design Workshop. Practitioner-researchers 
investigated assemblage, embodiment, materiality and multisensorality in various 
ways across this two-day workshop, and through the process of application they 
proved the Experiential Framework to be a tool that gains meaning through its use. 
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Figure 49.  Experiential Framework (formerly entitled Approaches Framework) 
 
The Urban Interaction Design Workshop findings revealed that the Experiential 
Framework (Fig. 49) and the Conceptual Materials for Design Research (Fig. 50) 
were successful resources for design research. The workshop proved these two new 
resources to be generative and productive in a real-world setting, supporting 
experimental, conceptual and pragmatic activities. The evidence was measured 
against the four criteria for improvement listed in Chapter 6, and it showed these two 
new tools supported a range of investigations, as participants were able to identify 
several ways in which their research and practice was impacted positively. For 
example participants discovered that by using these two new resources they were 
able to expand their design processes, develop fresh conceptual perspectives, 
stimulate future scenarios and gain new methods for undertaking multidisciplinary 
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exchange. In addition, the participants identified a number of practical applications 
of these tools for future engagements. Thus, this research suggests that both the 
Experiential Framework and the Conceptual Materials for Design Research can be 
used to positively impact the research and practice of multidisciplinary practitioner-
researchers, whose work is concerned with physical-digital and social synthesis in 
public space.  
 
The Experiential Framework may be considered an holistic resource for design 
research because it is non-rigid and all elements may be applied to any design 
situation related to physical-digital artefacts located in outdoor public space. In 
contrast, the Conceptual Materials for Design Research provides a set of conceptual 
materials from which the designer may make their own selection depending on the 
particular design project at-hand. Thus using the Conceptual Materials for Design 
Research resource, practitioner-researchers may choose to apply any of the six 
conceptual materials depending on the needs of their project.  
 
The Conceptual Materials are:  
1. Vulnerability;  
2. Continuity; 
3. Hybridity;  
4. Credibility;  
5. Mutability; 
6. Mobility. 
The research suggests that the Conceptual Materials for Design Research is a 
powerful tool for stimulating new insightful questions, and it is particularly valuable 
for ‘opening-up’ or critiquing a project. Thus it is an adaptable resource for 
provocation.  Furthermore, the findings showed that the Conceptual Materials would 
be valuable if presented in two models for engagement: 
1. A set of conceptual materials from which practitioner-researchers select 
particular conceptual materials with which to engage (as above); 
 
2. A set of conceptual materials presented within a matrix that contains 
categories pertaining directly to the research and design of physical-digital 
artefacts located in outdoor public space. 
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Figure 50. Conceptual Materials for Design Research presented in a matrix 
 
Whilst the research shows the Urban Interaction Design Workshop participants 
perceived their design research experience to be improved through the use of both 
sets of resources, the evidence also revealed significant concerns for some 
participants, specifically, the lack of clarity related to the presentation and 
communication of these new resources for design research. This was due, in part, to 
the density of information that participants were required to absorb, combined with 
the scheduled use of these two tools overlapping at times during the research. Added 
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to this was an apparent tension for some practitioners between ‘theory’  
and ‘practice’.  
 
Hence, in future, as part of the second iteration of the Experiential Framework and 
the Conceptual Materials for Design Research, as well as developing the resources 
themselves, I shall explore how to convey the relevance and value to practitioner-
researchers of employing these methods that enable the practical application of 
theoretical concepts in a real-world setting, such that these resources may become 
part of the future everyday repertoire of approaches, methods and tools for  
design research. 
 
 
7.5.  Future users: multidisciplinary and evolving 
This research has revealed the culture, practice and concerns of young material-
centred multidisciplinary designers, as well as contemporary practitioner-researchers 
exploring socio-material and technological relationships in public space. It has 
highlighted the hybridity and fluidity of these emerging practices, and that a range of 
design methods, processes, motivations and concepts underpin the work of 
contemporary designers. There is a culture of mixing methods, tools, techniques and 
materials, and designers are looking beyond the traditional boundaries of their 
specialism, e.g. computational objects constitute a new area of focus. It is not 
unusual for participants to explore beyond disciplinary norms for inspiration or 
collaboration, as well as adopting and adapting methods from different disciplines 
within their own practice. The research revealed that, through their exploration of 
biotechnologies, mixed-reality, and smart aesthetic surfaces, contemporary designers 
are actively pursuing the investigation of socio-technological and cultural themes 
that resonate with the interaction design research discourse. This wealth of evidence 
suggests that interaction design research will further expand due to the involvement 
of new material-centred design communities, and it indicates that consideration of 
new and future material technologies will become a significant concern for the 
research and design of future physical-digital artefacts for our future cities. All of 
this demonstrates that the relevance and the adoption of this thesis is likely  
to increase.  
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7.6.  Future directions of study 
This research has proved to be fruitful and timely, enabling me to identify five 
potential future directions of study: 
 
1. I shall employ the findings from the Urban Interaction Design Workshop to 
inform the second stage development of the Experiential Framework and 
Conceptual Materials for Design Research. Specifically, attention will be 
given to improving the presentation and communication of both resources, 
test the comprehension of their titles and investigate ways of presenting the 
productive relationship between theory and practice. 
 
2. I plan to write a number of articles for journals which relate to the following 
themes: physical, digital and social relations in public space; ‘new’ material-
focused communities and interaction design research; Experiential 
Framework as a resource for design research, and the Conceptual Materials 
for Design Research as a resource for design research. The potential journals 
for these articles would include The Design Journal, Pervasive and 
Ubiquitous Computing, and ACM’s Interactions.  
 
3. The Urban Interaction Design Workshop proved to be a valuable activity, 
with participants suggesting varying ideas related to the future delivery of the 
resources. As such, I intend to explore the ways in which the resources might 
frame weekend workshops for multidisciplinary creative practitioners, a 
postgraduate course module or an online course.  
 
4. Leading on from the previous point, the resources also lend themselves to 
being presented as a form of textbook for designer-researchers concerned 
with the integration of computation and materials in the built environment. 
The twelve key underpinning insights for design research would act as an 
introductory contextual frame for this resource.  
 
5. Finally, as the findings from this thesis are intended to support practice as 
well as research, a potential future direction for the research relates to a 
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professional consultancy context, e.g. working around the ‘future cities’ 
theme with local councils, architects, urban planners and interaction  
design agencies.  
 
All of these future directions afford the original outputs from this research to be used 
in ways that are powerful, generative and which open up creative and critical 
thinking related to physical-digital synthesis, across multiple creative design 
disciplines.  
 
 
7.7.  Chapter conclusion 
As we saw in Chapter 1, there is a need to develop new research methods to support 
people from a range of creative design backgrounds to conceptualise, research and 
design physical-digital artefacts for the built environment that provide richer 
interaction paradigms for future city dwellers. For if we want our smart urban futures 
to be pleasurable, sustainable and citizen-centred then we need to change radically 
the ways that we address interaction design in an age of ubiquity. Physical-digital 
synthesis in outdoor public spaces will be central to urban innovation, which in turn 
will involve the participation, and new collaborative formations, of multiple 
disciplines e.g. material-centred creative design disciplines. For HCI and interaction 
design research to have greater impact on practice, and therefore on the 
transformative socio-economic, environmental and cultural affects of our future 
smart cities, it is vital to develop new frames of reference that understand the lived 
experience of designers, and not rely on generalisation or abstraction (Rogers, 2004; 
McCullough, 2004). As such, this research has taken a granular perspective and has 
succeeded in developing two new resources for design research that are grounded in 
real-world contemporary design culture and practice; in so doing the research has 
bridged the disconnect between HCI/interaction design research and design practice, 
identified by Yvonne Rogers (2004). The outputs from this thesis, the Experiential 
Framework and the Conceptual Materials for Design Research, will help those 
undertaking material-centred design explorations to imagine, create and advance the 
design of novel urban physical-digital artefacts. Finally, as well as helping to 
improve our quality of life by generating richer interaction design paradigms for 
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citizens, both new resources for design research will enable us to place humanity at 
the centre of the physical-digital artefacts we create for our future cities. 
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